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(54) Ink jet apparatus and ink jet recorder 



(57) The ink jet apparatus of an ink jet printer in- 
cludes an ink jet head (600). The head has an ink chan- 
nel (613), a nozzle (618), and. an actuator for ejecting 
ink from the channel through the nozzle. A drive unit 
(211,212,213) can drive the actuator. A control unit 
(221 ,222,223) generates print data, on which the control 
unit is based to control the drive unit. A stop pulse data 
generator (44,61) carries out a logical operation of the 



print data for each print cycle Tm and the print data for 
the next print cycle Tm+1 to generate a predetermined 
stop pulse data if the former data is a data for execution 
of printing and if the latter data is a data for no execution 
of printing. After printing is executed in accordance with 
the print data for the cycle Tm, the drive unit is based 
on the stop pulse data to drive the actuator so as to 
damp the pressure wave vibration generated in the 
channel. 
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Description 

[0001] The present invention relates to ink jet appa- 
ratus. In particular, the invention relates to an ink jet ap- 
paratus for ejecting ink to form an image on a recording s 
medium, and an ink jet recorder including the ink jet ap- 
paratus. 

[0002] Recently, the market for non-impact printers 
has enlarged greatly in place of the market for impact 
printers. Among the non-impact printers, ink jet printers 10 
may have the simplest principles and be easiest of mul- 
tiple gradation and colorization. Ink jet printers of the 
drop-on-demand type eject the only ink for printing. Ink 
jet printers of this type are coming rapidly into wide use 
because of high ejection efficiency and low running is 
costs. 

[0003] For example, United States Patent Nos. 
5,028,936, 5,003,679, 4,992,808, 4,887,100 and 
4,879,568 disclose ink jet apparatus of the shear mode 
type for use in a drop-on-demand type ink jet printer. 20 
Piezoelectric material is used for the disclosed appara- 
tus. Figs. 24A and 24B and Fig. 25 of the accompanying 
drawings show an ink jet apparatus of this shear mode 
type, which comprises a print head 600. The print head 
600 includes a base wall 601 and a top wall 602 between ?s 
which extend shear mode actuator walls 603a - 803h. 
The actuator walls 603a - 603h have upper parts 605 
and lower parts 607 made of piezoelectric material. The 
wall parts 605 and 607 are bonded to the walls 602 and 
601 , respectively, and polarized in the opposite direc- so 
tions of arrows 609 and 611, respectively. The actuator 
walls 603a, 603c, 603e and 603g pair with the actuator 
walls 603b, 603d, 603f and 603h, respectively, to define 
an ink channel 61 3 between each pair of actuator walls. 
The actuator walls 603b, 603d and 603f pair with the 35 
actuator walls 603c, 603e and 603g, respectively, to de- 
fine an air space 615 between each pair of actuator 
walls. The spaces 615 are narrower than the channels- 
613. 

[0004] At one end of the channels 613 is secured a 40 
nozzle plate 617 formed with nozzles 618 each for one 
of the channels. -The other ends of the channels 61 3 are 
connected through a manifold 626 to an ink cartridge or 
another ink supply (not shown). The manifold 626 in- 
cludes a front wall 627 and a rear wall 628. The front 4S 
wall 627 is formed with holes each communicating with 
one of the channels 61 3. The rear wall 628 closes the 
space in the rear of the front wall 627 between the rear 
ends of the base wall 601 and top wall 602. Ink can be 
supplied from the supply to the space between the front so- 
wall 627 and rear wall 628, and then be distributed to 
the channels 613. 

[0005] The longer- four sides of each channel 613 are . 
lined with an electrode 61 9. The longer four sides of ' 
each space 615 are lined with an electrode 621. The ss. 
outer sides of the actuator walls 603a and 603h are each 
lined with an electrode 621. The electrodes 61 9 and 621 
take the form of metallized layers. The electrode 619 
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around each channel 613 is passivated with an insulat- 
ing layer (not shown) for insulation from ink. The elec- 
trodes 61 9 in the channels 61 3 are connected to a drive 
circuit 640. Underthe control of a control circuit 641 , the 
drive circuit 640 can generate a voltage and apply it to 
these electrodes. The other electrodes 621 are connect- 
ed to a ground return 623. 

[0006] In operation, the voltage applied to the elec- 
trode 61 9 in each channel 61 3 causes the actuator walls 
facing the channel to deform piezoelectrically in such 
directions that the channel enlarges in volume. If, as 
shown in Fig. 25, a predetermined voltage of E volts is 
applied to the electrode 61 9 between the actuator walls 
603e and 603f, for instance, electric fields are generated 
in these walls in the opposite directions of arrows 631 
and 632. This deforms the walls 603e and 603f piezoe- 
lectrically.in such directions that the associated channel 
613 enlarges, reducing the pressure in this channel to 
a negative pressure. 

[0007] The voltage applied to the electrode 61 9 is held 
for a period LA/ where L is the channel length and V is 
the sound velocity in the ink in the channel 61 3. While 
the voltage is applied, ink is supplied from the supply to 
the channel 613. The period LA/ is the one-way propa- 
gation delay time T which it takes for the pressure wave 
in the channel 61 3 to be propagated one way longitudi- 
nally of the channel. 

[0008] According to the theory of pressure wave prop- 
agation, the negative pressure. in the channel 613 re- 
verses into a positive pressure when the period LA/ 
passes after the voltage is applied to the electrode 619. 
When the period LA/ passes after the voltage is applied 
to the electrode 61 9, the voltage is returned to zero volt. 
This allows the deformed actuator walls 603e and 603f 
to return to their original condition (Figs. 24A and 24B), 
generating a positive pressure in the channel 613. This 
pressure is added to the pressure reversed to be posi- 
tive. As a result, a relatively high pressure develops in 
that portion of the channel 61 3 which is near to the as- 
sociated nozzle 61 8, ejecting ink out through the nozzle. 
The ejected ink sticks to a surface of printing paper or 
another recording medium to form an image on it. 
[0009] As stated above, pressure wave vibration of 
ink is generated in the channel 613 to eject ink out 
through the nozzle 618. The applicant has devised, in 
U.S. Patent Application No. 09/007,756, substantial 
cancellation of the residual pressure wave vibration of 
ink in the channel 61 3 after the ejection. The cancella- 
tion involves increasing and decreasing the volume of 
the channel 61 3 by applying the voltage of E volts to the 
electrode 619 again at a predetermined time and sub- 
sequently returning the voltage to 0 volt. The cancella- 
tion damps the residual pressure wave vibration in the 
channel 613 quickly and early. This prevents ink from 
being ejected or dropped accidentally through the noz- 
zle 618 by the residual vibration. Besides, this enables 
early transition to the process in accordance with the 
next print command. It is therefore possible to form a 
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more faithful image on the recording medium, and im- 
prove the print speed. 

[0010] After ink is ejected out through the nozzle 613 
in a predetermined cycle, there may or may not be a 
print command for the next cycle. The applicant has also 
devised in the above-identified U.S. Patent Application, 
cancelling the residual pressure wave vibration if there 
is no print command for the next cycle, and carrying out 
no such cancellation if there is a print command for this 
cycle. 

[0011] In other words, if there is no print command for 
the cycle following a predetermined cycle, an accidental 
drop of ink may occur, and therefore the residual pres- 
sure wave vibration should be cancelled. This results in 
better image formation not stained or spotted by scat- 
tered ink. 

[0012] If there is a print command for the next cycle, 
the residual pressure wave vibration in the channel 613 
should be utilized positively. Specifically, this vibration 
should be added to the pressure wave vibration gener- 
ated in accordance with the command for this cycle. This 
generates greater pressure wave vibration for ejection 
of a larger ink droplet through the nozzle 61 8. Larger ink 
droplets increase the print density to form a thicker and 
clearer image. 

[0013] In order to switch between the execution and 
no execution of such cancellation depending on whether 
there is a print command for the cycle following a pre- 
determined cycle, it is necessary to accurately control 
the voltage application from the drive circuit 640 to the 
electrode 619. This requires the control circuit 641 to 
accurately control the drive circuit 640. 

SUMMARY OF THE INVENTION 

[0014] It is accordingly one object of the invention to 
provide an ink jet apparatus which can prevent acciden- 
tal drops of ink by cancelling pressure wave vibration of 
ink only when there is a need to do so. Another, object 
is to provide an ink jet apparatus. which can prevent ac- < 
cidental drops of ink by employing a control unit or a 
drive unit which is cheap and simple. Still another object 
is to provide an ink jet recorder including such an appa- 
ratus. 

[0015] In accordance with the invention, an ink jet ap-: 4 
paratus is provided for a printer. The apparatus includes 
an ink jet head having a nozzle and an ink channel 
formed therein. The nozzle and the channel communi- 
cate with each other. The head also has an actuator for 
changing the volume of the channel to eject ink from the s> 
channel through the nozzle. The apparatus further in- 
cludes a drive unit for driving the actuator. The appara- 
tus further includes a control unit for generating a print 
data for every print cycle, and controlling the drive unit 
with the data. The apparatus further includes a stop 5i 
pulse data generator for carrying out a logical operation 
of the print data for each print cycle Tm and the print 
data for the next print cycle Tm+1 to generate a stop 



pulse data if the data for the cycle Tm is a data for ex- 
ecution of printing and if the data for the cycle Tm+1 is 
a data for no execution of printing. After printing is exe- 
cuted in accordance with the print data for the cycle Tm, 
s the drive unit drives the actuator based on the stop pulse 
data so as to damp the pressure wave vibration gener- 
ated in the channel. 

[0016] Only if the print data for the cycle Tm has a 
print command, and only if the print data for the cycle 

0 Tm+1 has no print command, the stop pulse data gen- 
erator generates a predetermined stop pulse data. A da- 

• ta for execution of printing may be a bit data '1 *. A data 
for no execution of printing may be a bit data "0". In this 
case, if the data bits for the cycles Tm and Tm+1 are "1 " 

s and "0", respectively, the stop pulse data generator car- 
ries out such a logical operation of the bits as to generate 
a bit data "1". When the bit data "1 " is generated, the 
control unit drives the actuator to eject ink from the chan- 
nel in accordance with the print data "1 " forthe cycle Tm 

? and, thereafter, damp the pressure wave vibration gen- 
erated in the channel due to the ejection. Therefore, only 
if there is no ejection data for the cycle Tm+1 following 
the cycle Tm for which there is an ejection data, it is 
possible to execute cancellation for cancelling or damp- 

' ing the pressure wave vibration of ink. The logical oper- 
ation may be the logical multiply of the print bit data for 
the cycle Tm and the inverse of the print bit data for the 
next cycle Tm+1. 

[0017] As shown in the first, second and third embod- 

1 iments of the invention, the stop pulse data generator 
may be positioned in the control unit. By positioning this 
generator in the control unit, not in the drive unit, it is 
possible to execute, with a conventional drive unit and 
a conventional print head used, the cancellation for can- 
celling or damping the pressure wave vibration of ink. 
[0018] In accordance with the first embodiment, the 
ink jet apparatus may further include a first storer for 
storing the print data for every print cycle and a second 
storer for storing the print data for every print cycle. 
When the first storer stores the data for the print cycle 
Tm, the second storer stores the data for the next cycle 
Tm+1 . The stop pulse data generator may generate the 
stop pulse data by carrying out the logical operation of 
the data stored in the two storers. 

[0019] The storers may be positioned in the control 
unit. In this case, the ink jet apparatus may further in- 
clude a data selector connected to the drive unit. The 
selector can select the stop pulse data output from the 
stop pulse data generator or the print data output from 
the second storer. The selector of the first embodiment 
is positioned in the control unit. Therefore, it is not nec- 
essary to provide separate or independent lines for 
transferring the stop pulse data and the print data from 
the control unit to the drive unit. The selectors of the 
second and third embodiments are each positioned in 
the associated drive unit. The data selector may consist 
of a plurality of selectors depending, on the number of 
data channels generated in the control unit. 
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[0020] In the ink jet apparatus according to the first 
embodiment, the nozzle may consist of sub-nozzles 
such as reference numeral 618 shown in Figs. 24Aand 
24B, and the ink channel may consist of sub-channels 
such as reference numeral 615 shown in Figs. 24Aand 
24B. Likewise, the actuator may consist of sub-actua- 
tors. The sub-nozzles each communicate with one of the 
sub-channels. The sub-actuators can each change the 
volume of one of the sub-channels. In this case, the ap- 
paratus may further include a memory for storing a plu- 
rality of print data each associated with one of the sub- 
actuators. The second storer may carry out a serial-par- 
allel conversion of print data by storing a plurality of print 
data transferred in parallel from the memory, and by out- 
putting the stored data in series. The second storer may 
feed backthe serially output data thereto. The first storer 
may serially receive the data output serially from the 
second storer. If the data selector selects the stop pulse 
data, the first storer may serially output the received da- 
ta in synchronism with the serial output from the second 
storer. The stop pulse data generator may generate the 
stop pulse data by carrying out the logical operation of 
the data output in series from the two storers. This 
makes it possible to produce a stop pulse data for the 
data associated with each sub-actuator. Therefore, the 
single control unit is sufficient for the sub-nozzles, sub- 
channels and sub-actuators. 

[0021] The control unit of the ink jet apparatus accord- 
ing to the first embodiment may generate a print clock 
consisting of first and second pulses. The first pulses, 
such as ICKfn-1 shown in Fig. 5, are associated with 
ejection of ink from the ink channels. The second 
pulses , suchaslCKsn-1 shown in Fig. 5, are associated 
with cancellation of pressure wave vibration generated 
in the channels. The drive unit may further include a se- 
rial-parallel converter for carrying out a serial-parallel 
conversion of print data or stop pulse data by storing the 
print data or the stop pulse data output in series from 
the data selector of the control unit, and by outputting 
the stored data in parallel. Because the drive unit in- 
cludes a serial-parallel converter, the transfer- line can 
besingle. This reduces the numberof transferlines, low- 
ering the costs, in comparison with a case where print 
data or stop pulse data are output in parallel from a con- 
trol unit to a drive unit. 

[0022] In accordance with the second and third em- 
bodiments, the ink jet apparatus may further include a 
first storer for storing the print data for every print cycle 
and a second storer for storing the print data for every 
print cycle. When the first storer stores the data for the 
print cycle Tm, the second storer stores the data for the 
cycle Tm+1 . The stop pulse data generator may gener- 
ate the stop pulse data by carrying out the logical oper- 
ation of the data stored in the two storers. The storers 
may be housed in the control unit. 
[0023] In accordance with the second and third em- 
bodiments-, the nozzle may consist of sub-nozzles, and 
the ink channel may consist of sub-channels. Likewise, 



the actuator may consist of sub-actuators. The sub-noz- 
zles each communicate with one of the sub-channels. 
The sub-actuators can each change the volume of one 
of the sub-channels. The ink jet apparatus may further 

s includes a memory for storing a plurality of print data 
- each associated with one of the sub-actuators. The sec- 
ond storer may store a plurality of data transferred in 
" parallel from the memory, carry out a serial-parallel con- 
version of the stored data and output the serial data. The 

10 first storer may receive the data from the second storer 
while outputting the data for the print cycle preceding 
the cycle associated with the received data. The stop 
pulse data generator may generate the stop pulse data 
by carrying out the logical operation of the data output 

is in series from the two storers. 

[0024] In the ink jet apparatus according to the second 
and third embodiments, the.control unit may generate a 
print clock including a first pulse and a second pulse in 
each print cycle. The first pulse is associated with ejec- 

20 tion of ink from the sub-channels. The second pulse is 
associated with cancellation of pressure wave vibration 
generated in the sub-channels. The control unit may al- 
so generate a switching signal in synchronism with the 
clock. The drive unit may further include a first serial- 

25- parallel converter for storing the print data output in se- 
ries from the second storer of the control unit, carrying 
out a serial-parallel conversion of the stored print data, 
and outputting the parallel print data. The drive unit may 
further include a second serial-parallel converter for 

30 storing the stop pulse data output in series from the stop 
pulse data generator of the control unit, carrying out a 
serial-parallel conversion of the stored stop pulse data, 
and outputting the parallel stop pulse data. The drive 
unit may further include a data selector for selecting, in 

35 accordance with the switching signal generated by the 
control unit, the print data output from the first converter 
or the stop pulse data output from the second converter. 
During each print cycle, the selector selects print data 
and thereafter stop pulse data. The drive unit may fur- 

40 ther include a drive data generator for generating a plu- 
rality of drive data each associated with one of the print 
data, by carrying out a logical operation of each print 
data or each stop pulse data selected by the selector 
and the print clock generated by the control unit. Be- 

45 cause the ink jet apparatus according to these embod- 
iments includes two serial-parallel converters, only two 
data transfer lines from the control unit to the drive unit 
r are sufficient for the print data and the stop pulse data. 
It is therefore possible to reduce the number of transfer 

so lines as compared with parallel transfer. 

[0025] In the ink jet apparatus of the second embod- 
iment, the drive unit may further include a third storer 
for storing, in synch ronism with the print clock generated 
by the control unit; the print data or the stop pulse data 

ss-:. selected by the data selector. The drive data generator 
may generate the drive data by carrying out the logical 
operation of each print data or each stop pulse data 
stored in the third storer and the print clock. Because 
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the printdata or the stop pulse data selected by the se- 
lector are stored once in the third storer, it is possible to 
increase the degree of freedom to time the logical oper- 
ation of each print data or each stop pulse data and the 
print clock when the drive data generator generates 
drive data. This makes it easy to optimize the print clock 
waveform for the structure of the sub-nozzles, sub- 
channels and sub-actuators. 

[0026] In the ink jet apparatus according to the third 
embodiment, the drive unit may further include a fourth 
storer for storing in synchronism with the print clock the 
print data output in parallel from the first serial-parallel 
converter. Thedrive unit may further include a fifth storer 
for storing in synchronism with the print clock the stop 
pulse data output in parallel from the second serial-par- 
allel converter. In accordance with the switching signal 
generated by the control unit, the data selector may se- 
lect the print data in the fourth storer and thereafter the 
stop pulse data in the fifth storer during each print cycle. 
Thus, the print data and the stop pulse data output in 
parallel from the first and second converters, respective- 
ly, are stored once in the fourth and fifth storers, respec- 
tively. It is therefore possible to improve, in comparison 
with the second embodiment, the degree of freedom to 
time the logical operation of each print data or each stop 
pulse data and the print clock when the drive data gen- 
erator generates drive data. 

[0027] In the ink jet apparatus according to the fourth 
and fifth embodiments, the nozzle may consist of sub- 
nozzles, and the ink channel may consist of sub-chan- 
nels. Likewise, the actuator may consist of sub-actua- 
tors. The sub-nozzles each communicate with one of the 
sub-channels. The sub-actuators can each change the 
volume of one of the sub-channels. The control unit may 
generate a print clock including a first pulse and a sec- 
ond pulse in each cycle. The first pulse is associated 
with ejection of ink from the sub-channels. The second 
pulse is associated with cancellation of pressure wave 
vibration generated in the sub-channels. The control 
unit may also generate a switching signal in .synchro- 
nism with the clock. The control unit may serially output 
a plurality of print data each associated with one of the 
sub-actuators. The drive unit may include a first serial- 
parallel converter for storing the print data output in se- 
ries from the control unit, outputting the stored data in 
series, carrying out a serial-parallel conversion of the 
stored data and outputting the parallel data. The drive 
unit may also include a second serial-parallel converter 
for receiving the print data output in series from the first 
converter, carrying out a serial-parallel conversion of the 
received data and outputting the parallel data. The stop 
pulse data generator may generate the stop pulse data 
by carrying out the logical operation of the print data out- 
put in parallel from the first and second converters. The 
drive un it may also include a data selector for selecting, 
in accordance with the switching signal generated by the 
control unit, the print data output in parallel from the first 
converter or the stop pulse data output in parallel from 
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the stop pulse data generator. The drive unit may further 
include a drive data generator for generating a plurality 
of drive data each associated with one of the print data, 
by carrying out a logical operation of each print data or 

> each stop pulse data selected by the selector and the 
print clock generated by the control unit. 

[0028] The stop pulse data generator of the ink jet ap- 
paratus according to the fourth and fifth embodiments 
is positioned in the drive unit. This apparatus is prefer- 
' able in simplifying the control unit, as compared with the 
apparatus according to the first, second and third em- 
bodiments. The data selector is positioned in the drive 
unit, and-this-unit has serial-parallel converters in it, as 
is the case with the second and third embodiments. 

> Therefore, one data transfer line from the control unit to 
the drive unit is sufficient. This reduces the number of 
data transfer lines in comparison with parallel output. 
[0029] In accordance with the fourth embodiment, the 
drive unit may further include a first storer for storing, in 

1 synchronism with the print clock generated by the con- 
trol unit, the print data or the stop pulse data selected 
by the data selector. The drive data generator may gen- 
erate the drive data by outputting the logical product of 
each print data or each stop pulse data stored in the 
storer and the print clock. This increases the degree of 
freedom to time the logical operation of the print data or 
the stop pulse data and the print clock when the drive 
data are. generated. This makes it easy to optimize the 
print clock waveform for the structure of the sub-noz- 
zles, sub-channels and sub-actuators. 
[0030] In accordance with the fifth embodiment as a 
modification of the fourth embodiment, the drive unit 
may also include a second storer for storing, in synchro- 
nism with the print clock, the print data output in parallel 
from the first serial-parallel converter. The drive unit may 
further include a third storer which stores, in synchro- 
nism with the clock, the print data output in parallel from 
the second converter, and which .is connected to the 
stop pulse data generator. In accordance with the 
switching signal generated by the control unit, the data 
selector may select the print data in the second storer 
and thereafter the stop pulse data generated by the stop 
pulse data generator during each print cycle. 
[0031] In the-ink jet apparatus according to the inven- 
tion, the drive unit may drive the actuator in each print 
cycle to first execute the ejection of ink from the channel 
by once increasing and thereafter decreasing, or once 
decreasing and thereafter increasing, the volume of the 
channel, and subsequently execute the cancellation for 
damping the pressure wave vibration by again increas- 
ing and thereafter decreasing, or again decreasing and 
thereafter increasing, the channel volume. On the basis 
of the one-way propagation delay time which it takes for 
a pressure wave of ink to be propagated one way in the 
channel, the control unit may determine, in each print 
cycle, a first period when the drive unit executes the 
ejection, a second period when the drive unit executes 
the cancellation, and a third period after the ejection 
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ends and until the cancellation starts. 
[0032] Therefore, the drive unit executes the ejection - 
by driving the actuator to increase the volume of the ink 
channel once. This reduces the pressure in the channel 
once so that ink flows into the channel. Subsequently, 
at the end of the first period, the actuator is driven to 
decrease the channel volume. This develops relatively 
high pressure in the channel, ejecting ink out through 
the nozzle. Thereafter, the drive unit executes the can- 
cellation by increasing the channel volume again at the 
end of the third period, and decreasing the volume at 
the end of the second period: This makes it possible to 
execute the ejection for a suitable or proper time in ac- 
cordance with the one-way propagation delay time. It is 
therefore possible to eject inksecurely. It is also possible 
to execute the cancellation at suitable timing in accord- 
ance with the one-way propagation delay time, and 
therefore cancel the pressure wave vibration of ink very 
well. It is consequently possible to cancel the vibration 
better, and therefore form a more accurate image and 
improve the print speed better. 

[0033] Even if ink is ejected by once decreasing and 
thereafter increasing the channel volume, and subse- 
quently the vibration is cancelled by again decreasing 
and thereafter increasing the volume, it is possible to 
achieve effect similar to that stated above. 
[0034] The actuator may be of the voltage-driven 
type. The drive unit may apply drive signals of the same 
voltage to the actuator for the ejection and the cancel- 
lation. In this case, one power circuit is sufficient, and 
therefore the drive unit can be simple in structure. The 
drive of the actuator is controlled by switching between 
the application and no application of voltage, thereby 
simplifying the drive control process. It is therefore pos- 
sible to make the structure and control of the apparatus 
simpler. The side walls of the ink channel may be made 
piezoelectric material. The actuator may consist of the 
piezoelectric walls; This makes the actuator simple in 
structure, durable and cheaper. 

[0035] According to the first embodiment of the ink jet. 
apparatus, the data selector may consist=of a plurality 
of selectors associated with the sub-actuators, respec- 
tively. 

[0036] According to the fourth and fifth embodiment 
of the ink jet apparatus, the data selector may consist 
of a plurality of selectors associated with the sub-actu-. 
ators, respectively, and the stop pulse data generator 
may consist of a plurality of data generators associated 
with the sub-actuators, respectively. 
[0037] The terms used in the foregoing summary and 
the appended claims correspond, but are not limited, to 
the counterparts of the embodiments as follows: The 
drive units correspond to the drive circuits; The control 
units correspond to the control circuits; The first and sec- 
ond storers correspond to some of the shift registers; 
The stop pulse data generators correspond to the invert- 
er gates, some of the AND gates, etc.; The data selec- 
tors correspond to the electronic switches; The drive da- 



ta generators correspond to the other AND gates; The 
drive signal generators correspond to the output circuits; 
The third, fourth and fifth storers correspond to the data 
latches; The first periods each correspond to the period 
between the points t1 and t2 in the associated embodi- 
ment; The second periods each correspond to the peri- 
od between the points t3 and t4 in the associated em- 
bodiment; The third periods each correspond to the pe- 
riod between the points t2 and t3 in the associated em- 
bodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] Preferred embodiments of the invention will be 
described with reference to the accompanying draw- 
ings, in which: - . 

Fig. 1 is a block-diagram of the electric system of 
an ink jet printer including an ink jet apparatus ac- 
cording- to a first embodiment of the invention; 
Fig. 2 is a schematic perspective view of the printer 
according to the embodiments of the invention; 
Fig. 3 is a block diagram of the drive circuit of the 
apparatus according to the first embodiment; 
Fig. 4 is a block diagram of the control circuit of the 
apparatus according to the first embodiment; 
Fig. 5 is a time chart showing the operation of the 
apparatus according to the first embodiment; 
Fig. 6 is another time chart showing the operation 
of the apparatus according to the first embodiment; 
Fig. 7 is still another time chart showing the opera- 
tion of the apparatus according to the first embodi- 
ment; 

Fig. 8 is a block diagram of the electric system of 
an ink jet printer including an ink jet apparatus ac- 
cording to a second or a third embodiment of the 
invention;. 

Fig. 9 is a block diagram of the drive circuit of the 
apparatus according to the second embodiment; 
Fig. 1 0 is a block diagram of the control circuit of 
the apparatus according to the second embodi- 
ment; 

Fig. 11 is a time chart showing the operation of the 
apparatus according to the second embodiment; 
- Fig. 12 is another time chart showing the operation 
of the apparatus according to the second embodi- 
ment; 

Fig. 1 3 is a block diagram of the drive circuit of the 
apparatus according to the third embodiment; 
Fig. 14 is a block diagram of the control circuit of 
the apparatus according to the third embodiment; 
Fig. 1 5 is a time chart showing the operation of the 
apparatus according to the third embodiment; 
Fig. 1 6 is another time chart showing the operation 
of the apparatus. according to the third embodiment; 
Fig. 17 is a block diagram of the electric system of 
an ink jet printer including an ink jet apparatus ac- 
cording to a fourth or fifth embodiment of the inven- 
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tion; 

Fig. 18 is a block diagram of the drive circuit of the 
apparatus according to the fourth embodiment; 
Fig. 19 is a block diagram of one of the electronic 
switches of the drive circuit shown in Fig. 18; 
Fig. 20 is a time chart showing the operation of the 
apparatus according to the fourth embodiment; 
Fig. 21 is a block diagram of the drive circuit of the 
apparatus according to the fifth embodiment; 
Fig. 22 is a block diagram of one of the electronic 
switches of the drive circuit shown in Fig. 21; 
Fig. 23 is a time chart showing the operation of the 
apparatus according to the fifth embodiment; 
Fig. 24A is a sectional elevation of a print head 
which is common to an ink jet apparatus and the i 
apparatus according to the embodiments and which 
is taken on the line X-X of Fig. 24B; 
Fig. 24B is a sectional plan taken on the line Y-Y of 
Fig. 24A; 

Fig. 25 is a sectional elevation of the print head of 2 
Figs. 24A and 24B, showing the head operation. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

' 2, 

First Embodiment 

[0039] Referring to Figs. 1 and 2, an ink jet printer em- 
bodying the invention includes a print head 600, which 
is a 64-channel multi-nozzle head. The head 600 has: 3t 
64 ink channels 613 (Figs. 24A, 24B and 25). Because 
this head is basically identical in mechanical structure 
to the conventional head 600 shown in Figs. 24A, 24B 
and 25, the description of it will be omitted. Referring to 
Fig. 1 , an ink jet printer has a controller including a one- 3S 
chip microcomputer 11, a ROM 12 and a RAM 13. The 
microcomputer 11 is connected to a control panel 14, 
motor energization circuits 15 and 16, a paper sensor- 
17, a honie position sensor 18, a carriage position sen- 
sor 1 9, etc. Th e pan el 1 4 can be used for the users' print 40 
instructions etc. Referring to Figs. 1 and 2, the energiza- 
tion circuits 1 5 and 16 can energize a carriage (CR) mo- 
tor 506 and a feed (LF) motor510, respectively. The pa- 
per sensor 1 7 can detect the front end of a sheet of print- 
ing paper P as a recording medium. The home position ' 45 
sensor 1 8 can detect the home position or origin when 
a sheet P is printed. The carriage position sensor 1 9 can 
detect the position of a carriage 504. 
[0040] The print head 600 can be driven by a drive- 
circuit 211, which is a one-chip IC. The drive circuit 211 so 
is controlled by a control circuit 221 , which is a gate ar- 
ray. As shown in Figs. 24A and 24B, the electrodes 619 
in the ink channels 61 3 of the head 600 are connected 
to the drive circuit 211 . Under the control of the control 
circuit 221, the drive circuit 211 can generate a voltage ss 
which is suitable for the head 600, and apply the voltage 
to the electrodes 619. 

[0041] The microcomputer -11 is connected to the 



ROM 1 2, the RAM 1 3 and the control circuit 22 1 through 
an address bus 23 and a data bus 24. In accordance 
with a program stored in advance in the ROM 1 2, the 
microcomputer 11 can generate a print timing signal TS 
s and a reset signal RS, and transfer them to the control 
circuit 221. 

[0042] In accordance with a print timing signal TS and 
a reset signal RS, the control circuit 221 generates and 
transfers to the drive circuit 211: transfer data DATA 

0 which are print data for forming an image on a sheet of 
printing paper P on the basis of image data stored in an 
image memory 25; a transfer clock TCK in synchronism 
with the data DATA; a strobe signal STB; and a print 
clock ICK. 

s [0043] The signals DATA, TCK, STB and ICK are 
transferred through a flexible harness cable 28, which 
connects the circuits 211 and 221. 
[0044] The control circuit 221 causes the image mem- 
ory 25 to store the image data transferred from a per- 

' sonal computer 26 or other external apparatus through 
a Centronics interface 27. On the basis of Centronics 
data transferred from the computer 26 or the like through 
the interface 27, the control circuit 221 generates a Cen- 
tronics data receive interrupt signal WS, and transfers 

; it to the microcomputer 11 . 

[0045] Referring to Fig. 2, the printer includes a frame 
503, to which a guide rod 501 and a guide rail 502 are 
fixed. The carriage 504 is supported on the rod 501 and 
rail 502 slidably along them. The carriage 504 is fas- 

1 tened to a timing belt 505, which can be driven by the 
carriage motor 506 to reciprocate the carriage. The belt • 
505 extends between a pair of pulleys 507, which are 
positioned near both ends of the rod 501 and rail 502. 
One of the pulleys 507 is connected to the drive shaft of 
the carriage motor 506. 

[0046] . The carriage 504 carries a head unit 508, 
which includes the print head 600 and the drive circuit 
211. The head unit 508 is an ink jet unit for printing on 
a sheet of printing paper P by ejecting ink droplets. The 
carriage 504 also carries an ink cartridge 509 mounted 
removably on its rear to supply ink to the channels 613 
of the head 600. 

[0047] The printer also includes a feed mechanism LF 
for feeding a sheet of printing paper P. The mechanism 
LF includes a platen roller 511, which can be driven by 
the feed motor 510 to feed the sheet P. The shaft 512 
of the roller511 is supported rotatably by the frame 503. 
[0048] On one side of the feed mechanism LF is po- 
sitioned a maintenance and recovery mechanism RM 
for maintaining and recovering good condition of ink 
ejection from the print head 600. The mechanism RM 
includes a suction mechanism 513 and a preservation 
cap 514. While the head 600 is used, the ink in it may 
dry or dehydrate, and air bubbles may be produced in 
it.'- Besides, ink droplets may stick to the outer side of 
the nozzle plate 617 of the head 600. This may cause, 
defective ejection of ink. In order to eliminate the defec- 
tive condition of ejection, the suction mechanism 513 
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sucks ink out through the nozzles 618 with the cap 514 
capping the nozzle plate 617. While the printer is not 
used, the cap 514 caps the plate 617 to function as a 
cover for preventing ink from drying. 
[0049] Referring to Fig. 3, the drive circuit 211 in- 
cludes a serial-parallel converters 1 31 , a data latch 1 32, 
64 AND gates 31, and 64 output circuits 32, which are 
each connected to one of the channel electrodes 61 9 of 
the print head 600. The converter 131 is a 64-bit shift 
register. 

[0050] The serial-parallel converter 131 receives 
transfer data DATA transferred serially in synchronism 
with a transfer clock TCK from the control circuit 221. 
When transfer clock pulses TCK rise, the converter 131 
converts the serial data DATA into parallel data PDO - 
PD63. 

[0051] Triggered by the rise of a strobe pulse STB 
from the control circuit 221, the latch 132 latches the 
parallel data PDO -PD63. Afterthe data PDO - PD63are 
latched, the data in the serial-parallel converter 131 can 
be changed. A detailed description will be given later of 
the timing relationship between the data latching and the 
data transfer to the converter 131.. 
[0052] The AND gates 31 output drive data AO - A63, 
which are the logical products of the parallel data PDO 
- PD63 from the data latch 132 and a print clock pulse 
ICK from the control circuit 221 . The drive data AO - A63 
are associated with the parallel data PDO - .PD63, re- 
spectively. 

[0053] On the basis of the drive data AO - A63, the 
output circuits 32 can generate a voltage which is suit- 
able for the print-head 600. Each circuit 32 can output 
the voltage to the associated channel electrode 619 of 
the head 600. 

[0054] If the print head 600 did not have 64 channels, 
it would only be necessary for the output circuits 32, the 
AND gates 31 , and the bits of the serial-parallel convert-, 
er 1 31 to be equal in number to the channels. 
[0055] Referring to Fig. 4, the control circuit 221 in- 
cludes a local control circuit 47, a data setting circuit 41 , 
a pair of 64-bit shift registers 42 and 43, an inverter gate 
45, an AND gate 44, and an electronic switch 46. The 
setting circuit 41 includes 64 4-bit shift registers 51. 
[0056] The data setting circuit 41 reads out in parallel 
the image data stored in the image memory 25, and 
stores 4 bits of the parallel image data in each shift reg- 
ister51. In accordance with a set command signal MS, 
the image data stored in the minimum bits bO of the shift, 
registers 51 are transferred to the shift register 42. Then, 
the registers 51 shift the data in them by one bit toward 
their minimum bits bO, emptying their maximum bits b3. 
4 times of the transfer to the register 42 empty all the 
bits of the registers 51. Then, other image data are- 
transferred from the memory 25 to the registers 51 . : 
[0057] Every time a load signal RDS rises, the shift 
register 42 receives image data chO - ch63 from the- 6.4 
channels of the data setting circuit 41 in parallel. When 
shift clock pulses SCK1 rise, the register 42 outputs the 



data chO - ch63 serially in that order, by one bit at a time, 
through its serial output terminal OUT. This makes a par- 
allel-serial conversion of the image data. The serial data 
output from the register 42 are input serially through a 
s junction 440 to the serial input terminals IN of the regis- 
ters 42 and 43. 

[0058] When shift clock pulses SCK2 rise, the shift 

- register 43 outputs the data chO - ch63 serially in that 
order through its serial output terminal OUT 

10 [0059] The image data chO - ch63 are associated with 
the respective ink channels 61 3 of the print head 600. 
In accordance with each of the data chO - ch63, voltage 
can be generated for application to the associated chan- 
nel electrode 619. This controls the ejection of ink from 

is the channels 61 3 during the ink ejection and the vibra- 
tion cancellation. 

[0060] The AND gate 44 receives the serial image da- 
ta chO - ch63 from the shift register 42 through the in- 
verter gate 45 and the serial image data chO - ch63 from 
20 the register 43. The AND gate 44 outputs logical prod- 
ucts chO -chO - ch63 • ch63 as stop pulse data. 
: [0061] For example, a fact that a; stop pulse data is 
"1" means to execute the cancellation of the residual 

• pressure wave vibration in the associated ink channel 
25 61 3. A fact that the stop pulse data is "0° means not to 

execute the cancellation. A detailed description will be 
given later of a method of generating stop pulse data 
and timing for transferring stop pulse data. 
[0062] In accordance with a transfer data switching 

30 signal KS, the electronic switch 46 changes over to one 
of its nodes A and B. If the switch 46 changes over to 
the node A, it selects the output from the shift register 
42. If the switch 46 changes over to the node B, it selects 
the output from the AND gate 44. The switch 46 outputs 

35 the selected output as transfer data DATA to the drive 
circuit 211 . The output from the node A is ejection pulse 
data FD for ejecting ink from the channels 613 of the 
print head 600. The output from the node B is stop pulse 
data SD ; 

40 [0063] In accordance with a print timing signal. TS 
transferred from the microcomputer 1 1 , the local control 
circuit 47 generates signals MS, RDS, SCK1 , SCK2 and 
KS for controlling the circuits 41 - 43 and 46, a strobe 
signal STB in synchronism with transfer data DATA, and 

45 a print clock ICK. The print timing signal TS may be gen- 
erated by the microcomputer 11 on the basis of a print 

., command signal given by the user through the control 

• panel 1 4 or an external signal such as a facsimile signal. 
In accordance with a rest signal RS transferred from the 

so ■ microcomputer 1 1 , the local control circuit 47 stops gen- 

- erating the signals MS, RDS, SCK1„ SCK2, KS, STB 
and ICK. 

[0064] Referring to Figs. 6 and 7, the operation of the 
control circuit 221 will be described. In particular, a de- 
55 scription will be given of timing for generating and trans- 
ferring stop pulse data SDn-1 and ejection pulse data 
FDn, which correspond to channel data chO - ch63, and 
a mechanism for.generating the pulse data. 
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[0065] Fig. 6 shows signals in a stop pulse data trans- 
fer period, when the electronic switch 46 is switched to 
the node B. These signals include shift clocks SCK 1 and 
SCK2. outputs from the shift registers 42 and 43, trans- 
fer data DATA, a transfer clock TCK and a strobe signal 5 
STB. The signals DATA, TCK and STB are transferred 
from the control circuit 221 to the drive circuit 211 . 
[0066] The local control circuit 47 can synchronously 
generate shift clocks SCK1 and SCK2. 
[0067] When a load signal RDS rises, the shift register 10 

42 receives in parallel the image data chOn - ch63n for 
the °n"th printing from the 'data setting circuit 41 . When 
the shift clock pulses SCK1 rise, the register 42 outputs 
the data chOn '- ch63n serially in that order through its 
serial output terminal OUT. is 
[0068] When the image data chOn - ch63n are stored 

in the shift register 42, the image data ch0n-1 - ch63n- ■ 
1 for the "n-1"th printing are stored in the shift register 
43. When the shift clock pulses SCK2 rise, the register 

43 outputs the data ch0n-1 - ch63n-1 serially in that or- 20 
der through its serial output terminal OUT. At the same 
time, the serial data chOn - ch63n output from the reg- 
ister 42 are input to the serial input terminals IN of both 
registers 42 and 43. 

[0069] The inverter gate 45 inverts the logical level of 25 
theserial imagedatachOn -ch63n from the shift register 
42. The AND gate 44 receives the inverted serial data 
chOn - ch63n from the gate 45 and the serial image data 
chOn-i - ch63n-1 from the shift register 43. The AND 
gate 44 outputs to the node B the logical products of the 30 
inverted data chOn -ch63n and the data ch0n-1 -ch63n- 
1, respectively. 

[0070] During the stop pulse data transfer period, the 
electronic switch 46 is switched to the node B in accord- 
ance with a transfer data switching signal KS. Therefore, 35 
stop pulse data SDn-1 are output as transfer data DATA 
serially from the node B. 

[0071] The local control circuit 47 generates a transfer 
clock TCK in association with the shift clocks SCK1 and 
SCK2. The transfer data DATA are transferred in syn- *o 
chronism with the transfer clock TCK. During the stop 
pulse data transfer period, this circuit 47 generates a 
strobe signal STB which is high in logical level (bit data 
"1 "). The strobe signal STB is used as the trigger for 
latching the stop pulse data SDn-2. The data SDn-2 are *s- 
associated with the print cycle preceding the print cycle 
associated with the stop pulse data SDn-1, which are > 
generated in the period of Fig. 6. The data SDn-2 have 
been output to the data latch 1 32. A description will be 
given later of the timing relationship between the rise of so 
the strobe signal STB and the transfer of the data to be 
latched. 

[0072] Fig. 7 shows signals in an ejection pulse data 
transfer period, when the electronic switch 46 is 
switched to the node A. This period follows the stop 55 
pulse data transfer period of Fig. 6. These signals in- 
clude shift clocks SCK1 and SCK2, outputs from the 
shift registers 42 and 43,"transfer data DATA, « transfer- 



clock TCK and a strobe signal STB. The signals DATA, 
TCK and STB are transferred from the control circuit 221 
to the drive circuit 211. During this period, the local con- 
trol circuit 47 generates a shift clock SCK1 and no shift 
clock SCK2. 

[0073] When the stop pulse data SDn-1 have just 
been transferred, the image data chOn - ch63n are 
stored in the shift registers 42 and 43. Therefore, when 
the shift clock pulses SCK1 rise, the register 42 outputs 
the data chOn - ch63n serially in that order through its 
serial output terminal OUT. On the other hand, because 
no shift clock SCK2 is generated, the data chOn - ch63n 
are held in the register 43. 

[0074]. During the ejection pulse data period, the elec- 
tronic switch 46 is switched to the node A in accordance 
with a transfer data switching signal KS. Therefore, ejec- 
tion pulse data FDn are output as transfer data DATA 
serially from the node A. 

[0075] The local control circuit 47 generates a transfer 
clock TCK in association with the shift clock SCK1 . The 
transfer data DATA are transferred in synchronism with 
the transfer clock TCK. During the ejection pulse data, 
transfer period, this circuit 47 generates a strobe signal 
STB which is high in logical level. The strobe signal STB 
is used as the trigger for latching the ejection pulse data 
FDn-1 . The data FDn-1 are associated with the print cy- 
cle preceding the print cycle associated with the ejection 
pulse data FDn, which are generated in the period of 
Fig. 7. The data FDn-1 have been output to the data 
latch 132. 

[0076] As stated above, the control circuit 221 can 
output the stop pulse data SDn-1 which are the logical 
products of the image data for the "n-1"th printing and 
the (logically) inverted image data for the °n°th printing. 
[0077] The operation of the ink jet apparatus can be 
controlled with the stop pulse data as follows. 
[0078] Fig.- 5 is a time chart of the print clock ICK, 
strobe signal STB and transfer data DATA transferred 
from the control circuit 221 and to the drive circuit 211 
during print cycles Tm-1 and Trri. As stated above, the 
signals STB and ICK and the switching signal KS are 
generated by the local control circuit 47. The signals 
STB, ICK and KS each have a cyclic pattern, which is 
repeated with the print cycles. The "n-1 *th print data are 
transferred in the cycle Tm-1, and the "n"th print data 
are transferred in the next cycle Tm. 
[0079] The print clock ICK in each print cycle consists 
of a pulse ICKf and a pulse ICKs following the pulse 
ICKf. 

[0080] In each print cycle, transfer data DATA are 
transferred from the control circuit 221 to the serial-par- 
allel converter 131 of the drive circuit 211. For example, 
the data DATA in the cycle Tm-1 consist of 64 stop pulse 
data SDn-1 and 64 ejection pulse data FDn for the 64 
channels. Details of the data SDn-1 and FDn are shown • 
in the time charts of Figs. 6 and 7. 
[0081] In the print cycle Tm-1 , after the stop pulse da- 
ta SDn-1 are transferred, the ejection pulse data FDn 
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are transferred next. In the cycle Tm, the stop pulse data 
SDn for the "n"th printing are followed by the ejection 
pulse data FDn+1 for the *n+1"th printing. The reason 
for the data transfer in such order is as follows. 
[0082] Before the print clock pulse ICKsn-1 is trans- 
ferred to the drive circuit 211, it is necessary to deter- 
mine whether the stop pulse data associated with the 
pulse ICKsn-1 is "1" or "0". Likewise, before the print 
clock pulse ICKfn is transferred to the drive circuit 211, 
it is necessary to determine whether the ejection pulse 
data associated with the pulse ICKfn is "1 " or "0°. 
[0083] A strobe signal STB determines the timing for 
the data latch 132 of the drive circuit 211 to latch data 
PD0 - PD63 sent from the serial-parallel converter 1 31 . 
Triggered by the rise of a strobe pulse STB, the latch 
1 32 latches data PD0 - PD63. Therefore, the generation; 
of strobe pulses STB is so timed that, for example, after 
the stop pulse data SDn-1 are transferred, the strobe 
pulse STBsn-1 for latching them rises, and after the 
ejection pulse data FDn are transferred, the strobe pulse 
STBfn rises. The strobe signal generation timing has 
been explained with reference to Figs. 6 and 7. 
[0084] Print clock pulses ICKf are associated with 
ejection pulse data FD. For example, if an ejection pulse 
data FD for the channel 1 is "1° when a print clock pulse 
ICKf is generated, the associated AND gate 31 of the 
drive circuit 211 outputs a drive data which is "1 ". This 
drive data causes the associated output circuit 32 to 
generate a drive voltage. 

[0085] Likewise, print clock pulses ICKs are associat- 
ed with stop pulse data SD. For example, if a stop pulse 
data SD for the channel 1 is "1 " when a print clock pulse 
ICKs is generated, the associated AND gate 31 outputs 
a drive data which is "1 ". This drive data causes the as- 
sociated output circuit 32 to generate a drive voltage. In 
other words, the print clock ICK functions as an enabling 
signal for the AND gates 31 to produce drive data AO - 
A63. 

[0086] Therefore, as shown in Fig. 5, in the print cycle 
Tm, when the print clock pulse ICKfn rises at a point of 
time t1 , and if one or more of the parallel data bits are 
high in logical level or "1 ", electric fields are generated 
in the associated actuator walls 603a, 603b, 603c, 603d, 
603e, 603f, 603g, 603h as explained with reference to 
Fig. 25. The fields enlarge the associated channel or 
channels 61 3 in volume, reducing the pressure therein. 
Then, ink flows into the channel or channels 61 3. In the 
meantime, the enlarged volume generates pressure 
wave vibration. The pressure due to the vibration in- 
creases and reverses into positive pressure, which 
reaches its peak about when the one-way propagation 
delay time T passes. 

[0087] The width of the print clock pulse ICKfn equals 
the one-way propagation delay time T Therefore, the 
pulse ICKfn falls at the point t2 when the time T passes. 
Then, the channel or channels 61 3 decrease in volume, 
developing pressure. This pressure and the pressure 
which has reversed to a plus are added together. This. 



develops relatively high pressure near the nozzle or 
nozzles 61 8 in the channel or channels 61 3, ejecting ink 
out through the nozzle or nozzles. The ejected ink sticks 
to the sheet P, forming an image on it. 

5 [0088] Thereafter, the print clock pulse ICKsn rises at 
a point of time t3 before the pressure in the. channel or 
channels 61 3 reverses from a plus to a minus. This rap- 
idly reduces the pressure which is still positive. The 
pulse ICKsn falls at a point of time t4 after the pressure 

10 reverses to a minus. This rapidly increases the already 
negative pressure. This, in turn, cancels the pressure 
wave vibration, rapidly damping it. The cancellation of 
the pressure wave vibration prevents ink from being 
ejected accidentally through the nozzle or nozzles 618. 

is This enables the ink jet apparatus to be ready earlier for 
the step in accordance with the next print command. It 
is therefore possible to form a more accurate image on 
the sheet P, and improve the print speed. 
[0089] The width W of the print clock pulse ICKsn is 

20 half (0.5) of the one-way propagation delay time T. As 
stated above, the pulse ICKsn is what cancels the pres- 
sure wave vibration. Besides, the width W of the pulse 
ICKsn is short and very different from a value which is 
an odd number of times as large as the time T. There- 

25 fore, the pulse ICKsn causes no ink to be ejected 
through the nozzle or nozzles 618. 
[0090] The time "d° between the point t2 and the mid- 
dle point tM between the points t3 and t4 is 2.5 times as 
long as the one-way propagation delay time T. Each out- 

30 put circuit 32 generates the same voltage for both ink 
ejection and vibration cancellation. 
[0091] If there is a print command for an arbitrary im- 
age data chXn-1 out of the data ch0n-1 - ch63n-1 for 
the "n-1 "th printing in the cycle Tm-1 , the data chXn-1 

35 is high in logical level. If there is no print command for 
the associated data chXn out of the data chOn - ch63n 
for the "n°th printing in the next cycle Tm, the data chXn 
is low in logical level. In this case, a stop pulse data 
SDXn-1 high in logical level is produced for the low im- 

40 age data chXn. On the basis of the high stop pulse data 
SDXn-1 , the vibration cancellation in the associated 
channel 61 3 is carried out in the cycle Tm-1 . 
[0092] Contrariwise, if the image data chXn is high, a 
low stop pulse data SDXn-1 is produced for it. On the 

45 basis of the low stop pulse data SDXn-1 , no vibration 
cancellation in the channel 61 3 is carried out in the cycle 
Tm-1. ■ 

' : [0093] It is therefore possible to switch securely be- 
tween the execution and no execution of such cancel- 
so lation, depending on whether there is" a print command 
for the print cycle following a certain print cycle. When 
such selective switching is made, the control circuit 221 
can accurately control the voltage application by the 
drive circuit 211 to the channel electrode or electrodes 
.55- 619. 

[0094] The assignee's Japanese Patent Application 
Laid-Open -No.8-258256 discloses a drive circuit which 
is similar in structure to the drive circuit 211 . That is to 
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say, by forming only a control circuit 221 as described 
above for use with a conventional drive circuit 211 , it is 
possible to provide an ink jet apparatus which can se- 
lectively change over between the execution and no ex- 
ecution of the vibration cancellation. 
[0095] As stated above, part of the print head unit 508 
is formed by the print head 600 and the drive circuit 211 , 
which is a one-chip IC. The unit 508 is mounted on the 
carriage 504. The drive circuit 211 is connected to the 
control circuit 221 by the harness cable 28. 
[0096] It is therefore possible to realize this embodi- 
ment by using the conventional print head unit 508 in a 
conventional ink jet printer, and replacing only the con- 
trol circuit with the circuit 221. This lowers the adapting 
costs. Consequently, this embodiment makes it possible 
to cheaply provide an ink jet printer fitted with an ink jet 
apparatus including a drive circuit 211 and a control cir- 
cuit 221. 

Second Embodiment 

[0097] Parts of the second embodiment which are 
identical or equivalent to those of the first are assigned 
the same reference numerals. 

[0098] Referring to Fig. 8, an ink jet printer has a con- 
troller including a one-chip microcomputer 11, a ROM 
12 and a RAM 13. The microcomputer 11 is connected 
to a control panel 1 4, motor energization circuits 1 5 and 
16, a paper sensor 17, a home position sensor 18, a 
carriage position sensor 19, etc. The panel 14 can be 
used for the users' print instructions etc. Referring to 
Figs. 8 and 2, the energization circuits 15 and 16 can 
energize a carriage (CR) motor 506 and a feed (LF) mo- 
tor 510, respectively. The paper sensor 17 can detect 
the front end of a sheet of printing paper P as a recording 
medium. The home position sensor 18 can detect the 
home position when printing is carried out on a sheet of 
printing paper P. The carriage position sensor 1 9 can 
detect the position of a carriage 504. 
[0099] The print head 600 can be driven by a drive 
circuit 212a, which is a one-chip IC. The drive circuit 
212a is controlled by a control circuit 222a, which is a 
gate array. As shown in Figs. 24A and 24B, the elec- 
trodes 61 9 in the channels 61 3 of the head 600 are con- 
nected to the drive circuit 212. Under the control of the 
control circuit 222b, the drive circuit 212a can generate 
a voltage which is suitable for the head 600, and apply ' 
the voltage to the electrodes 61 9. 
[0100] • The microcomputer 11 is connected to the 
ROM 12, the RAM 13 and the control circuit 222b so 
through an address bus 23 and a data bus 24. In ac- 
cordance with a program stored in advance in the ROM 
12, the microcomputer 11 can generate a print timing- 
signal TS and a reset signal RS, and transfer them to 
the control circuit 222b. 55 
[0101] In accordance with a print timing signal TS and 
a reset signal RS, the control circuit 222b generates and 
transfers to the drive circuit 21 2a: 



ejection pulse data FD for ejection of ink through 
one or more of the nozzles 618 of the print head 600 to 
form an image on a sheet P on the basis of image data 
stored in an image memory 25, stop pulse data SD for 
s cancellation of the residual pressure wave vibration in 
the associated channel or channels 61 3; a switching sig- 
nal KS for switching between the data FD and SD; a 
transfer clock TCK in synchronism with the data FD and 
SD; a strobe signal STB; and a print clock ICK. 
10 [0102] The signals FD, SD, KS, TCK, STB and ICK 
are transferred through a flexible harness cable 28, 
which connects the circuits 21 2a and 222a. 
[0103] The control circuit 222b causes the image 
memory 25 to store the image data transferred from a 
is personal computer 26 or other external apparatus 
through a Centronics interface 27. On the basis of the 
Centronics data transf erred.f rom the computer 26 or the 
like through the interface 27, the control circuit 222a 
generates a Centronics data receive interrupt signal WS 
20 and transfers it to the microcomputer 1 1 . 

■ [0104] Referring to Fig. 9, the drive circuit 212a in- 
cludes a pair of serial-parallel converters 33 and 34, 64 
electronic switches 35, a data latch 36, 64 AND gates 
31 , and 64 output circuits 32. The converters 33 and 34 
25 are 64-bit shift registers. 

[0105] The serial-parallel converter 33 receives the 
. ejection pulse data FD transferred serially in synchro- 
nism with the transfer clock TCK from the control circuit 
222a. When the clock pulses TCK rise, the converter 33 
30 converts the serial data FD into parallel data FPD0 - 
FPD63. 

[0106] The serial-parallel converter 34 receives the ' 
stop pulse data SD transferred serially in synchronism 
with the transfer clock TCK from the control circuit 222a. 
35 When the clock pulses TCK rise, the converter 34 con- 
verts the serial data SD into parallel data SPD0 - SPD63. 
[01 07] Each electronic switch 35 has a pair of nodes 
A and B, and changes over to one of them in accordance 
with a switching signal KS from the control circuit 222a. 
40 If the switches 35 change over to the nodes A, they se- 
lect the parallel data FPD0 - FPD63 output from the se- 
rial-parallel converter 33. If the switches 35 change over 
to the nodes B, they select the parallel data SPD0 - 
SPD63 output from the converter 34. The switches 35 
output the selected data to the latch 36. 
[01 08] When a strobe signal STB from the control cir- 
cuit 222a rises, the latch 36 latches the parallel data 
FPD0 - FPD63 or SPD0 - SPD63, and outputs the 
latched data to the AND gates 31 . 
[0109] The AND gates 31 output drive data AO - A63 
as the logical products of the parallel data FPD0 - 
FPD63 or SPD0 - SPD63 and the print clock pulses ICK 
from the control circuit 222a together. The drive data AO 
- A63 are associated with the parallel data FPD0 - 
FPD63 or SPD0 - SPD63, respectively. 
[0110] On the basis of the drive data AO - A63, the 
output circuits 32 can generate a voltage which is suit- 
able for the print head 600. Each circuit 32 can output 
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the voltage to one of the channel electrodes 61 9 of the 
head 600. 

[0111] If the print head 600 did not have 64 channels, 
it would only be necessary for the output circuits 32, the 
AND gates 31, the electronic switches 35, and the bits 
of each of the serial-parallel converters 33 and 34 to be 
equal in number to the channels. 
[0112] Referring to Fig. 10, the control circuit 222a in- 
cludes a local control circuit 46, a data setting circuit 41 , 
a pair of 64-bit shift registers 42 and 43, an inverter gate 
45, and an AND gate 44. The setting circuit 41 includes 
64 4-bit shift registers 51 . 

[0113] The data setting circuit 41 reads out in parallel 
the image data stored in the image memory 25, and 
stores 4 bits of the parallel image data in each shift reg- 
ister 51 . In accordance with a set command signal MS, 
the image data stored in the minimum bits bO of the shift 
registers51 are transferred to the shift register 42. Then, 
the registers 51 shift the data in them by one bit toward 
their minimum bits bO, emptying their maximum bits b3. 
Four times of the transfer to the register 42 empty all the 
bits of the registers 51 . Then, image data are transferred 
again from the memory 25 to the registers 51 . 
[0114] Every time a load signal RDS rises, the shift 
register 42 receives image data chO - ch63 from the 
channels of the data setting circuit 41 in parallel. When 
shift clock pulses SCK rise, the register 42 outputs the 
data chO - ch63 serially in that order, by one bit at a time, 
through its serial output terminal OUT. This makes a par- 
allel-serial conversion of image data. The serial data 
output from the register 42 are transferred as ejection 
pulse data FD to the drive circuit 212a. 
[0115] The shift register 43 receives serially the image 
data chO - ch63 output serially from the register 42. 
When the shift clock pulses SCK rise, this register 43 
outputs the data chO - ch63 serially in that orderthrough 
its serial output terminal OUT. 

[0116] The AND gate 44 receives the serial image da- 
ta chO - ch63 from the shift register 42 through the in- 
verter gate 45 and the serial image data chO - ch63 from 
the register 43. The AND gate 44 outputs logical prod- 
ucts as stop pulse data SD, which are transferred to the 
drive circuit 212a. 

[0117] In accordance with a print timing signal TS 
transferred from the microcomputer 11 , the local control 
circuit 46 generates signals MS, RDS and SCK for con- 
trolling the circuits 41 - 43, a switching signal KS for con- 
trolling the electronic switches 35 of the drive circuit 
212a, a strobe signal STB in synchronism with the data 
FD and SD, and the print clock ICK. In accordance with 
a rest signal RS transferred from the microcomputer 11 , 
the local control circuit 46 stops generating the signals 
MS, RDS, SCK, KS, STB and ICK. 
[0118] If the print head 600 did not have 64 channels, 
it would only be necessary for the bits of each of the shift 
registers 51 , 42 and 43 to be equal in number to the 
head channels. 

[0119] Each channel 613 of the print head 600 is as- 



sociated with one of the parallel data FPDO - FPD63 
from the serial-parallel converter 33 of the drive circuit 
212a and one of the parallel data SPD0 - SPD63 from 
the converter 34. Therefore, each channel 613 is asso- 
5 ciated with one bit of the data FD, one bit of the data 
SD, and one of the image data chO - ch63 in the control 
circuit 222a. In other words, in accordance with each bit 
of the data FD, each bit of the data SD and each of the 
data chO - ch63, the voltage to be applied to the asso- 
rt* ciated channel electrode 61 9 is generated, and the ink 
ejection through the associated nozzle 61 3 is controlled 
during the ejection and the vibration cancellation. 
[0120] The operation of the ink jet apparatus will be 
explained below. 
is [0121] In each print cycle, the ink ejection is followed 
by the vibration cancellation. Referring to Fig. 11 , the "n- 
1 1h printing may be carried out in a print cycle Tm-1 , 
and the "n'th printing may be carried out in the next cycle 
. Tm. In this case, the print clock ICK consists of a pulse 
20 ICKf transferred for the ejection pulse data.FD and a 
pulse ICKs transferred for the stop pulse data SD in 
each of the cycles Tm-1 and Tm. The pulse ICKf is fol- 
lowed by the pulse ICKs. 

[0122] In the cycle Tm-1 , the ejection pulse data FDn 
25 for the "nth printing.and the stop pulse data SDn-1 for 
the "n-1"th printing are transferred at the same time. In 
the cycle Tm, the ejection pulse data FDn+1 for the 
"n+1 "th printing and the stop pulse data SDn forthe °n°th 
printing are transferred at the same time. 
30 [01 23] In the cycle Tm-1 , the strobe signal STB con- 
sists of a pulse STBfn-1 transferred for the ejection 
pulse data FDn-1 (not shown) for the "n-1°th printing and 
a pulse STBsn-1 transferred for the stop pulse data 
SDn-1 forthe "n-lth printing. The pulse STBfn-1 is tol- 
as lowed by the p'ulse STBsn-1 . In the cycle Tm, the strobe 
signal STB consists of a pulse STBfn transferred for the 
ejection pulse data FDn forthe Vth printing and a pulse 
STBsn transferred for the stop pulse data SDn for the 
"n'th printing. The pulse STBfn is followed by the pulse 
40 STBsn. 

[0124] The switching signal KS is transferred in asso- 
ciation with the strobe signal STB. 
[0125] Specifically, in the cycle Tm-1 , the print clock 
ICK consists of a pulse ICKfn-1 transferred forthe ejec- 
ts tion pulse data FDn-1 forthe "n-lth printing and a pulse 
ICKsn-1 transferred for the stop pulse data SDn-1 for 
the "n-1 "th printing. The pulse ICKfn-1 is followed by the 
pulse ICKsn-1. In the cycle Tm, the print clock ICK con- 
sists of a pulse ICKfn .transferred for the ejection pulse 
so data FDn for the "n"th.printing and a pulse ICKsn trans- 
. ferred for the stop pulse data SDn for the "n"th printing. 
The pulse ICKfn is followed by the pulse ICKsn. 
[01 26] Referring to Fig. 1 1 , the operation of the drive 
circuit 212a will be explained. 
55 [01 27] In each of the cycles Tm-1 and Tm, if the strobe 
signal STBsn-1 and STBsn forthe stop pulse data SDn- 
1 and SDn are transferred, the switching signals KS 
switch the electronic switches 35 of the drive circuit 21 2a 
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to the nodes B. Otherwise, in each of the cycles Tm-1 
and Tm, the signals KS switch the switches 35 to the 
nodes A. 

[01 28] If the switches 35 are switched to the nodes A, 
the data latch 36 of the drive circuit 212a latches the 5 
parallel ejection pulse data FPDO - FPD63 output from 
the serial-parallel converter 33. If the switches 35 are 
switched to the nodes B, the latch 36 latches the parallel 
stop pulse data SPDO - SPD63 from the converter 34. 
[0129] If the print clock ICK is high in logical level, the 10 
output from each AND gate 31 of the drive circuit 212a 
depends on the output from the data latch 36. If the print 
clock ICK is low in logical level, the output from each 
AND gate 31 is low in logical level regardless of the out- 
put from the latch 36. In other words, the clock ICK tunc- is 
tions as an enabling signal for the AND gates 31 to pro- 
duce drive data AO - A63. 

[0130] If the print clock ICK is high in logical level, and 
if each of the parallel data FPDO - FPD63 or SPDO - 
SPD63 from the data latch 36 is high in logical level, the 20 
associated AND gate 31 outputs a drive data which is 
high in logical level. The associated output circuit 32 
generates a voltage and outputs it to the associated 
channel electrode 61 9 of the print head 600. If the print 
clock ICK is low in logical level, and even if each of the 25 
parallel data FPDO - FPD63 or- SPDO - SPD63 from the 
latch 36 is high in logical level, the associated AND gate 
31 outputs a drive data which is low in logical level. The 
associated output circuit 32 generates no voltage. 
[0131] Therefore, in the print cycle Tm, as shown in ' 3Q 
Fig. 1 1 , if one or more of the parallel ejection pulse data 
FPDO - FPD63 are high in logical level, and when the 
print clock pulse ICKfn rises at a point of time tl, electric 
fields are generated in the associated actuator walls 
603a, 603b, 603c, 603d, 603e, 603f, 603g, 603h as ex- 35 
plained with reference to Fig. 25. The fields enlarge the 
associated channel or chann els 6 1 3 in volume, reducing 
the pressure therein. Then, ink flows into the channel or 
channels 613. In the meantime, the enlarged volume 
generates pressure wave vibration. The pressure due 
to the vibration increases and reverses into positive 
pressure, which reaches its peak about when the one- 
way propagation delay time T passes. 
[0132] The width of the print clock pulse ICKfn equals 
the one-way propagation delay time T. Therefore, the 45 
pulse ICKfn falls at the point t2 when the time T passes. 
Then, the channel or channels 61 3 decrease in volume,, 
developing pressure. This pressure and the pressure 
which has reversed to a plus are added together. This 
develops relatively high pressure near the nozzle or 50 
nozzles 618 in the channel or channels 61 3, ejecting ink 
out through the nozzle or nozzles. The ejected ink sticks 
to the sheet P, forming an image on it. 
[0133] Thereafter, the print clock pulse ICKsn rises at 
a point of time t3 before the pressure in the channel or 55 
channels 61 3 reverses from a plus to a minus. This rap- 
idly reduces the pressure which is still positive. The 
pulse ICKsh falls at a point of time t4 after the pressure 



reverses to a minus. This rapidly increases the already 
negative pressure. This, in turn, cancels the pressure 
wave vibration, rapidly damping it. The cancellation of 
the pressure wave vibration prevents ink from being 
ejected accidentally through the nozzle or nozzles 618. 
This enables the ink jet apparatus to be ready earlier for 
the step in accordance with the next print command. It 
is therefore possible to form a more accurate image on 
the sheet P, and improve the print speed. 
[0134] The width W of the print clock pulse ICKsn is 
half (0.5) of the one-way propagation delay time T. As 
stated above, the pulse ICKsn is what cancels the pres- 
sure wave vibration. Besides, the width W of the pulse 
ICKsn is short and very different from a value which is 
an odd number of times as large as the time T. There- 
fore, the pulse ICKsn causes no ink to be ejected 
through the nozzle or nozzles 618. 
[01 35] The time "d° between the point t2 and the mid- 
dle point tM between the points t3 and t4 is 2.5 times as 
long as the one-way propagation delay time T. Each out- 
put circuit. 32 generates the same voltage for both ink 
ejection and vibration cancellation. 
[01 36] Fig. 1 2 is a time chart showing the operation 
of the control circuit 222a in the print cycle Tm-1 . When 
a load signal RDS rises, the shift register 42 receives 
the image data chOn - ch63n for the °n°th printing in par- 
allel from the data setting circuit 41 . When the shift clock 
pulses SCK rise, the register 42 outputs the data chOn 
- ch63n serially in that order through its serial output ter- 
minal OUT. The serial data output from the register 42 
are transferred as the ejection pulse data FDn to the 
drive circuit 212a. 

[01 37] When the image data chOn - ch63n are stored 
in the shift register 42, the image data ch0n-1 - ch63n- 
T for the "n-1°th printing are stored in the shift register 
43. When the shift clock pulses SCK rise, the register 
43 outputs the data ch0n-1 - ch63n-1 serially in that or- 
der through its serial output terminal OUT. 
[01 38] The inverter gate 45 inverts the logical level of 
the serial image data chOn - ch63n from the shift register 
42. The AND gate 44 receives the inverted serial data 
chOn -.ch63n from, the gate 45 and the serial image data 
ch0n-1 - ch63n-1 from the shift register 43. The AND 
gate 44 outputs the logical products of the inverted data 
ch0n-ch63n and the data ch0n-1 -ch63n-1, respective- 
ly. The output from the AND gate 44 is transferred as 
the stop pulse data SDn-1 to the drive circuit 212a. 
[01 39] The local control circuit 46 generates the trans- 
fer clock TCK in association with the shift clock SCK. 
Therefore, the ejection pulse data FDn and the stop 
pulse data SDn-1 are transferred in synchronism with 
the transfer clock TCK. While the data FDn and SDn-1 
are transferred, this circuit 46 generates a strobe signal 
STB which is high or a bit data "1" in logical level. 
[0140] The shift register 43 receives through its serial 
input terminal IN the serial image data chOn - ch63n from 
the shift register 42. Therefore, when the transfer of the 
ejection pulse data FDn and the stop pulse data SDn-1 
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for the cycle Tm-1 is finished, the image data chOn - 
ch63n for producing the stop pulse data SDn are stored 
in the register 43. This makes the control circuit 222a 
ready for the production of the data FDn+1 and SDn for 
the next cycle Tm. 

[0141] As stated hereinbefore in detail, the stop pulse 
data SDn-1 output from the control circuit 222a are the 
logical products of the image data for the °n°th printing 
which are inverted in logical level and the image data 
for the "n-1 "th printing. 

[0142] If there is a print command for an arbitrary im- 
age data chXn-1 out of the data ch0n-1 - ch63n-1 for 
the "n-1"th printing in the cycle Tm-1, the data chXn-1 
is high or a bit data "1 " in logical level. If there is no print 
command for the associated data chXn out of the data 
chOn - ch63n for the "nth printing in the next cycle Tm, 
the data chXn is low or a bit data "0" in logical level. In 
this case, a stop pulse data SDXn-1 high in logical level 
is produced for the low image data chXn. On the basis 
of the high stop pulse data SDXn-1, the vibration can- 
cellation in the associated channel 613 is carried out in 
the cycle Tm-1. 

[0143] Contrariwise, if the image data chXn is high, a 
low stop pulse data- SDXn-1 is produced for it. On the 
basis of the low stop pulse data SDXn-1, no vibration 
cancellation in the channel 61 3 is carried out in the cycle 
Tm-1. 

[0144] It is therefore possible to switch securely be- 
tween the execution and no execution of such cancel- 
lation, depending on whether there is a print command 
for the print cycle following a certain print cycle. When 
such selective switching is made, the control circuit 
222a can accurately control the voltage application by 
the drive circuit 212a to the channel electrode or elec- 
trodes 619. 

[0145] The control circuit 222a simultaneously pro- 
duces the ejection pulse data FDn for the "n"th printing 
and the stop pulse data SDn-1 for the "n-1"th printing. 
The data FDn and SDn-1 are transferred simultaneously 
to the drive circuit 212a. The serial-parallel converters 
33 and 34 convert the serial data FDn and SDn-1 simul- 
taneously into the parallel data FPD0 - FPD63 and 
SPD0 - SPD63. In accordance with a switching signal 
KS, the electronic switches 35 change over to output 
eitherthe parallel data FPD0 - FPD63 or the parallel da- 
ta SPD0 - SPD63 to the data latch 36. In accordance 
with a strobe signal STB; the latch 36 latches the data 
output from the switches 35. 

[0146] Therefore, as shown in Fig. 11, it is possible to 
shorten the time interval between the point t5 when the 
print clock pulse ICKsn-1 for the stop pulse data SDn-1 
falls and the point tl when the print clock pulse ICKfn for 
the ejection pulse data FDn rises. This makes it possible 
to shorten the period of the cycles Tm-1 and Tm, im- 
proving the print speed. 



Third Embodiment 

[01 47] Parts of the third embodiment which are iden- 
tical or equivalent to those of the second are assigned 
s the same reference numerals, and the description of 
them will be omitted. 

[01 48] Fig. 13 shows a drive circuit 21 2b according to 
this embodiment. This circuit 21 2b includes a pair of se- 
rial-parallel converters 33 and 34, a pair of data latches 
io 37 and 38, 64 electronic switches 39, 64 AND gates 31 , 
and 64 output circuits 32. 

[01 49] When a strobe signal STB transferred from a 
control circuit 222b (Fig. 14) rises, the data latches 37 
and 38 latch the parallel data FPD0 - FPD63 and SPD0 
is - SPD63 output from the serial-parallel converters 33 
and 34, respectively. 

[01 50] In accordance with a switching signal KS trans- 
ferred from the control circuit 222b, the electronic 
switches 39 change over to either their nodes A or their 

20 nodes B. If the switches 39 change over to the nodes A, 
they select the parallel data FPD0 - FPD63 output from 
the data latch 37. If the switches 39 change over to the 
nodes B, they select the parallel data SPD0 - SPD63 
output from the latch 38. The switches 39 output the se- 

25 lected data to the AND gates 31 . 

[0151] In short, the drive circuit 212b of this embodi- 
ment differs from the counterpart of Fig. 9 in that the 
parallel data from the converters 33 and 34 of this em- 
bodiment are latched by the latches 37 and 38, respec- 

30 tively, and the data from one of the latches are selected 
by the switches 39 and then sent to the AND gates 31 . 
[01 52] As shown in Fig. 1 4, the control circuit 222b of 
this embodiment differs from the counterpart of Fig. 10 
in that the serial data output from the shift register 43, 

35 not 42, are transferred as ejection pulse data FD to the 
drive circuit 212b. 

[0153] The ink jet apparatus according to this embod- 
iment will be explained below. 

[0154] Referring to Fig. 15, the ejection pulse data 
40 FDn for the °n"th printing and the stop pulse data SDn 
for the "n°th printing are transferred at the same time in 
a print cycle Tm-1. In the next cycle Tm, the ejection 
pulse data FDn+1 for the "n+1 "th printing and the stop 
pulse dataSDn+1 for the "n+1 "th printing are transferred 
45 to the drive circuit 212b at the same time. 

[01 55] In the cycle Tm-1 , a pulse STBn-1 of the strobe 
signal STB is transferred for the ejection pulse- data 
■ FDn-1 (not shown) and the stop pulse data SDn-1 (not 
' shown) for the "n-1"th printing. In the next cycle Tm, a 
so pulse STBn of the strobe signal STB is transferred for 
the ejection pulse data FDn and the stop pulse data SDn 
for the "n"th printing. • 

[0156] The switching signal KS is transferred in syn- 
chronism with a print clock ICK. 
ss [0157] Referring to Fig. 15, the operation of the drive 
circuit 212b will be explained. 

[0158] In each of the cycles Tm-1 and Tm, the elec- 
tronic switches 39 are switched to the. nodes B in ac- 
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cordance with the switching signal KS when the print 
clock pulses ICKsn-1 and ICKsn associated with the 
stop pulse data SDn-1 andSDn, respectively, are trans- 
ferred. Otherwise, in each of the cycles Tm-1 and Tm, 
the switches 39 are switched to the nodes A in accord- 
ance with the switching signal KS. 
[0159] If the electronic switches 39 are switched to the 
nodes A, the AND gates 31 receive the parallel ejection 
pulse data FPDO - FPD63 output from the serial-parallel 
converter 33 and latched by the data latch 37. If the 
switches 39 are switched to the nodes B, the gates 31 
receive the parallel stop pulse data SPDO - SPD63 out- 
put from the converter 34 and latched by the latch 38. 
[01 60] If the print clock ICK is high in logical level, the 
output from each AND gate 31 depends on the output 
from the associated electronic switch 39. If the print 
clock ICK is low in logical level, the output from each. 
AND gate 31 is low in logical level regardless of the out- 
put from the associated switch 39. In other words, the 
clock ICK functions as an enabling signal for the AND 
gates 31 to produce drive data AO - A63. 
[0161] If the print clock ICK is high in logical level, and 
if each of the parallel data. FPDO - FPD63 or SPDO - 
SPD63fromthe electronic switches 39 is high in logical 
level, the associated AND gate 31 outputs a drive data 
which is high in logical level. The associated output cir- 
cuit 32 generates a. voltage and outputs it to the asso- 
ciated channel electrode 619 of the print head 600. If 
the print clock ICK is low in logical level, and even if each 
of the parallel data FPDO - FPD63 or. SPDO - SPD63 
from the switches 39 is high in logical.level, the associ- 
ated AND gate 31 outputs a drive data which is low in 
logical level. The associated output circuit 32 generates 
no voltage. 

[0162] The ink ejection and the vibration cancellation 
between the points of time tl and t4 are identical to those 
of the second embodiment. ; 
[0163] Fig. 16 is a time chart showing the operation 
of the control circuit' 222b in the print cycle Tm-1 . 
[01 64] When a load signal RDS rises, the shift register 
42 receives the image data ch0n+1 - ch63n+1 for the 
"n+rth printing in parallel from the data setting circuit 
41. When the shift clock pulses SCK rise, the register 

42 outputs the data ch0n+1 - ch63n+1 serially in that 
order through its serial output terminal OUT. 

[0165] When the image data ch0n+1 - ch63n+1 are 
stored in the shift register 42, the image data chOn - 
ch63n for the "n"th printing are stored in the shift register 
43. When the shift clock pulses SCK rise, the register 

43 outputs the data chOn - ch63n serially in that order 
through its serial output terminal OUT. The serial data 
output from the register 43 are transferred as the ejec- 
tion pulse data FDn to the drive circuit 212b. • 

[01 66] The inverter gate 45 inverts the logical level of 
the serial image data chOn+1 - ch63rf+1 from the shift 
register 42. The AND gate 44 receives the inverted se- 
rial data chOn+T - ch63n+1 from the gate 45 and the 
serial image data chOn - ch63n from the shift register 



43. The AND gate 44 outputs the logical products of the 
inverted data ch0n+1 - ch63n+1 and the data chOn - 
ch63n, respectively. The output from the AND gate 44 
is transferred as the stop pulse data SDn to the drive 

s circuit 212b. 

[01 67] The local control circuit 46 generates a transfer 
clock TCK in association with the shift clock SCK. There- 
fore, the ejection pulse data FDn and the stop pulse data 
SDn are transferred in synchronism with the transfer 

10 clock TCK to the serial-parallel converter 33 and 34, re- 
spectively. While the data FDn and SDn are transferred, 
this circuit 46 generates a strobe signal STB which is 
high in logical level. 

[0168] The shift register 43 receives through its serial 
15 input terminal IN the serial image data ch0n+1 - 
ch63n+1 from the shift register 42. Therefore, when the 
' transfer of the ejection pulse data FDn, and the- stop 
pulse data SDn for the cycle Tm-1 is finished, the image 
datachOn+1 -ch63n+1 for producing the stop pulse data 

20 SDn+1 are stored in the register 43. This makes the con- 
trol circuit 222b ready for the production of the data 
FDn+1 and SDn+1 for the next cycle Tm. 
[0169] As stated above in detail, the stop pulse data 
SDn output from the control circuit 222b are the logical 

25 products of the image data for the "n+1 "th printing which 
are inverted in logical level and the image data for the 
"n°th printing. Therefore, as is the case with the second 
embodiment, it is possible to switch securely between 
the execution and no execution of the vibration cancel- 

■30 lation, depending on whether there is a print command 
for the print cycle following a certain print cycle. 
" [0170] The control circuit 222b simultaneously pro- 
duces the ejection pulse data FDn for the °n°th printing 
and the stop pulse data SDn for the °n"th printing. The 

35 data FDn and SDn are transferred simultaneously to the 

■ drive circuit 212b. The serial-parallel converters 33 and 
34 convert the serial data FDn and SDn simultaneously 
into the parallel data FPDO - FPD63and SPDO - SPD63. 
The parallel data FPDO - FPD63 and SPDO - SPD63 are 

40 output to the data latches 37 and 38, respectively, where 
they are latched at the same time in accordance with a 
strobe signal STB. The electronic switches 39 change 
over in accordance with a switching signal KS associat- 

■ ed with the print clock ICK. The switches 39 output to 
45 the AND gates 31 either the data FPDO- FPD63 or trie 

data SPDO - SPD63 latched by the latch 37 or 38. The 
AND gates 31 output drive data AO - A63 in accordance 
with the print clock ICK. 

[0171] Therefore, as shown in Fig. 15, it is possible to 
so shorten- the time interval between the point t5 when the 
print clock pulse ICKsn-1 for the stop pulse data SDn-1 

■ falls and the point tl when the print clock pulse ICKfn for 
the ejection pulse data FDn rises. It is also, possible to 
shorten the time interval between the point t2 when the 

55 print clock pulse ICKfn for the ejection pulse data FDn 
falls and the point t3 when the print clock pulse ICKsn 
for the stop pulse data SDn rises. Therefore, this em- 
bodiment can shorten the period of the cycles Tm-1 and 
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Tm more than the second embodiment can. This im- 
proves the print speed further. 

Fourth Embodiment 

[0172] The ink jet printer shown in Fig. 17 is similar to 
the printer shown in Fig. 1 of the first embodiment, but 
its control ci rcuit 223 and drive circuit 2 1 3a differ in struc- 
ture from the circuits 221 and 211. The description of 
similar Parts will be omitted to avoid repetitious descrip- 
tion. 

[0173] Referring to Fig. 17, this difference in circuit 
structure necessitate transferring a switching signal KS 
from the control circuit 223 to the drive circuit 21 3a. The 
signal KS is used to switch between the ejection of ink 
from each channel 613 of the print head 600 and the 
cancellation of the residual pressure wave vibration in • 
the channel. A mechanism and timing for generating a 
switching signal KS will be described later. The compo- 
nents of this embodiment which are identical to those of . 
the foregoing embodiments are accorded the same ref- 
erence numerals, and the description of them will be 
omitted. 

[0174] Referring to Fig. 18, the drive circuit 213a in- 
cludes 64 output circuits 32, 64 AND gates 31, a data 
latch 36, 64 data synthesizing and selecting circuits 1 35, 
and a pair of serial-parallel converters 33 and 34. 
[0175] The serial-parallel converters 33 and 34 are 
similar to those shown in Figs. 9 and 1 3 of the second 
and third embodiments, respectively. When transfer 
clock pulses TCK rise, however, the converter 34 re- 
ceives transfer data DATA output serially from the con- 
verter 33, and converts them into parallel data SPDO - 
SPD63. The parallel data SPD0 - SPD63 are the trans- 
fer data DATA preceding by 64 bits the parallel data 
FPD0 - FPD63 output from the converter 33. 
[01 76] In accordance with a switching signal KS trans- 
ferred from the control circuit 223, the data synthesizing 
and selecting circuits 1 35 can produce ejection pulse 
data FD for ink ejection and stop pulse data SD for vi- 
bration cancellation from parallel data FPD0 - FPD63 
and SPD0 - SPD63, respectively. 
[0177] Referring to Fig. 19, each data synthesizing 
and selecting circuit 1 35 consists of an inverter gate 62, 
an AND gate 61 and an electronic switch 63, which has 
a node A and a node B. 

[0178] The inverter gate 62 inverts the logical level of 
one data FPDN out of parallel data FPD0 - FPD63 out- 
put from the serial : parallel converter 33. The AND gate 
61 outputs the logical product of the output from the in- 
verter gate 62 and the associated one data SPDN of 
parallel data SPDO - SPD63 from the converter 34. The 
data FPD0 - FPD63 are associated with the data SPDO 
- SPD63, respectively. 

[0179] In accordance with the switching signal KS, the 
64 electronic switches 63 change over to their respec- 
tive nodes A or B. If the switches 63 change over to the 
nodes B, they select the outputs from the serial-parallel 



converter 33. If the switches 63 change over to the 
nodes A, they select the outputs from the AND gates 61 . 

- The switches'63 output the selected outputs to the data 
latch 36. Stop pulse data SD are output from the nodes 

5 A, and ejection pulse data FD are output from the nodes 
B. That is to say, in accordance with the switching signal 
KS, the data synthesizing and selecting circuits 1 35 out- 
put stop pulse data SDO - SD63 or ejection pulse data 
FDO - FD63. The waveform (switching timing) of the 

10 switching signal KS will be described later. 

[0180] Returning to Fig. 18, when a strobe pulse STB 
transferred from the control circuit 223 rises, the data 
latch 36 latches stop pulse data SDO - SD63 or ejection 
pulse data FDO - FD63. The latch 36 outputs the latched 

is data to the AND gates 31 . 

[0181] Similarly to the AND gates 31 shown in Figs. 
3 and 9, the AND gates 31 of this embodiment output 
drive data AO - A63. The data AO - A63 are the logical 
products of stop pulse data SDO - SD63 or ejection pulse 

20 data FDO - FD63, respectively, and a print clock ICK 
transferred from the control circuit 223. 
[0182] On the basis of the drive data AO - A63, the 
output circuits 32 can generate a voltage which is suit- 
able for the print head 600. Each circuit 32 can output 

25 the voltage to the associated channel electrode 61 9 of 
the head 600. 

[0183] No details of the control circuit 223 are illus- 
trated. It may be possible to form a control circuit 223 
by so adapting the control circuit 221 of Fig. 4 as to omit 

30 the shift register 43, AND gate 44, inverter gate 45 and 
electronic switch 46 from this circuit, and to connect the 
output terminal OUT of the shift register 42 of this circuit 
to the input terminal IN of the serial-parallel converter 
33 of the drive circuit 21 3a. Similarly to the control circuit 

3S 221 of the first embodiment, the control circuit 223 can 
generate a transfer clock TCK, a switching signal KS, a 
strobe signal STB and a print clock I CK, which are trans- 
ferred to the drive circuit 21 3a. 

[0184] . Referring to Fig. 20, the operation of the ink jet 
40 apparatus of this embodiment will be described. Fig. 20 
is a time chart of the print clock ICK, strobe signal STB, 
transfer data DATA and switching signal KS during the 
data transfer from the control circuit 223 to the drive cir- 
cuit 21 3a in print cycles Tm-1 and Tm. This chart will be 
45 explained in comparison with the chart shown in Fig. 5 
of the first embodiment. 

[0185] The print clocks ICK shown in Figs. 20 and 5 
have similar waveforms. Specifically, in each print cycle, 
a print clock pulse ICKf is transferred for ejection pulse 

so data FD, and subsequently a print clock pulse ICKs is . 
transferred for stop pulse data SD. 
[01 86] The strobe signals STB shown in Figs. 20 and 
5, too, have similar waveforms. The strobe signal STB 
in the print cycle Tm-1 consists of a preceding pulse 

55 : STBfn-1 and a succeeding pulse STBsn-1. The rise of 
. the preceding pulse STBfn-1 is the trigger for the. data 
• latch 36 of the drive circuit 213a to latch the ejection 
pulse data FDn-1. The rise of the succeeding pulse 
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STBsn-1 is the trigger for the latch 36 to latch the stop 
pulse data SDn-1. 

[0187] With respect to the transfer data DATA, the 
control circuit 221 of the first embodiment produces stop 
pulse data SD and ejection pulse data FD, which are s 
transferred separately through the electronic switch 46 
to the drive circuit 211. 

[0188] In this embodiment, the stop pulse data SD 
and ejection pulse data FD are produced in the drive 
circuit 213a, not the control circuit 223. Therefore, the 10 
data transferred from the circuit 223 to the circuit 213a 
are only FDn. As is the case with the first embodiment, 
the transfer data DATA transferred in the print cycle Tm- 
1 are the ejection pulse data FDn for the "n"th printing,' 
which are associated with image data chOn - ch63n. The is 
data DATA transferred in the cycle Tm are the ejection 
pulse data FDn+1 for the "n+1 "th printing, which are as- 
sociated with image data ch0n+1 - ch63n+1. 
[0189] The switching signal KS is shown as on or high 
in logical level when the electronic switches 63 are so 
switched to the nodes A. Each switching signal pulse 
KS rises before the associated strobe pulse STBs for 
stop pulse data SD is transferred. 
[0190] A description will be given of the operation of 
the drive circuit 21 3a during the transfer of signals and 25 
data at the timing shown in Fig. 20. 
[0191] Before the ejection pulse data FDn are trans- 
ferred in the print cycle Tm-1 , the serial-parallel convert- 
er 33 outputs the ejection pulse data FDn -1 (FPD0 - 
FPD63 in Fig. 18), which are the "n-rth print data. In 30 
the meantime, a switching signal pulse KS for switching 
the electronic switches 63 to the nodes B is input to the 
data synthesizing and selecting circuits 1 35. Therefore, 
the data FDn -1 from the converter 33 are input to the 
data latch 36. With the data FDn -1 in the data latch 36, 35 
the associated strobe pulse STBfn-1 is transferred, 
latching in the latch 36 the data for the associated print 
clock pulse ICKfn-1. 

[0192] Next, in the print cycle Tm-1 , the ejection pulse 
data FDn are transferred to the serial-parallel converter 40 
33. In this cycle, the converter 33 outputs the ejection 
pulse data FDn, which are the "n"th print data. In the 
meantime, the converter 34 outputs the ejection pulse 
data FDn -1 (SPD0 - SPD63 in Fig. 18), which are the 
"n-1 "th print data. A switching signal pulse KSfor switch- ts 
ing the electronic switches 63 to the nodes A is input to 
the data synthesizing and selecting circuits 1 35. There- 
fore, the stop pulse data SDn -1 for the "n-rth printing 
are input to the data latch 36. The data SDn -1 are the 
image data chOn-1 -chOn-1 - ch63n-1 -ch63n-1. With the : so 
data SDn -1 in the data latch 36, the associated strobe 
pulse STBsn-1 is transferred, latching in the latch 36 the 
data for the associated print clock pulse ICKsn-1 . 
[0193] As is the case with the first embodiment, the ' 
AND gates 31 output the logical products of the latched ss 
data and the associated bit data of the print clock ICK. 
On the basis of the logical product from each AND gate 
31, the associated output circuit 32 can drive the asso- 



ciated ink channel 613 of the print head 600 to cancel 
the residual pressure wave vibration. 
[0194] Therefore, in this embodiment as well, it is pos- 
sible to switch securely between the execution and no 
execution of the vibration cancellation, depending on 
whether there is a print command for the print cycle fol- 
lowing a certain print cycle. 

Fifth Embodiment 

[0195] Referring to Figs. 21, 22 and 23, a fifth embod- 
iment of the invention will be described in comparison 
with the fourth. Parts of the fifth embodiment which are 
identical or equivalent to those of the fourth are accord- 
ed the same reference numerals, and the description of 
them will be omitted. 

[0196] Fig. 21 shows a drive circuit 21 3b of this em- 
bodiment. The circuit 21 3b is a modification of the circuit 
213a shown in Fig. 18. The circuit 213b includes a pair 
of serial-parallel converters 33 and 34 and a pair of data 
latches 37 and 38, which are connected to the convert- 
ers 33 and 34, respectively, to receive parallel data from 
them. 

[0197] When a strobe pulse STB transferred from a 
control circuit 223 (Fig. 17) rises, the data latches 37 
and 38 latch parallel data FPD0 - FPD63 and SPD0 - 
SPD63 output from the serial-parallel converters 33 and 
34, respectively. 

[01 98] ■ In accordance with a switching signal KS trans- 
ferred from the control circuit 223, 64 data synthesizing 
and selecting circuits 139 produce ejection pulse data 
FD for ink ejection and stop pulse data SD for vibration 
cancellation from parallel data FPD0 - FPD63and SPD0 
- SPD63 output from the data latches 37 and 38, respec- 
tively. 

[0199] Referring to Fig. 22, each data synthesizing 
and selecting circuit 139 is similar to the circuit 135 
shown in Fig. 19. The circuit 139 consists of an inverter 
gate 62, an AND gate 61 and an electronic switch 63, 
which has a node A and a node B. 
[0200] The inverter gate 62 inverts the logical level of 
one data FPDN out of parallel data FPD0 - FPD63 out- 
put from the data latch 37. The AND gate 61 outputs the 
logical product of the output from the inverter gate 62 
and the associated one data SPDN of parallel data 
SPD0 - SPD63 from the latch 38. 
[0201] In accordance with the switching signal KS, the 
64 electronic switches 63 change over to their respec- 
tive nodes A or B. If the switches 63 change over to the 
nodes B, they select the outputs from the data latch 38. 
If the switches 63 change over to the nodes A, they se- 
lect the outputs from the AND gates 61 . The switches 
63 output the selected outputs to the respective AND 
gates 31 . Stop pulse data SD are output from the nodes 
A, and ejection pulse data FD are output from the nodes. 
B. 

[0202] ' The drive circuit 213b differs from the circuit 
21 3a of Fig. 1 8 in that, after the outputs from the serial- 
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parallel converters 33 and 34 are latched by the data 
latches 37 and 38, respectively, the data synthesizing 
and selecting circuits 139 produce stop pulse data SD 
or ejection pulse data FD, and send them to the respec- 
tive AND gates 31. 5 
[0203] Referring to Fig. 23, the operation of the ink jet 
apparatus of this embodiment will be described. Fig. 23 
is a time chart of the print clock ICK, strobe signal STB, 
ejection pulse data FD, stop pulse data SD and switch- 
ing signal KS in print cycles Tm-1 and Tm. *° 
[0204] The print clock I CK and switching signal KS are 
similar in waveform to those of the fourth embodiment. 
[0205] In the print cycle Tm-1, the ejection data 
FDn+1 for the "n+1 1h printing are transferred. 
[0206] As shown in Fig. 21, the strobe signal STB is '5 
input to the data latches 37 and 38 after it enters the 
drive circuit 213b. Therefore, in contrast to the fourth 
embodiment, the strobe signal STB in the print cycle 
Tm-1 has only a pulse STBn-1 . 

[0207] A further detailed description will be given of 20 
the operation of the drive circuit 21 3b during the transfer 
of signals and data at the timing shown in Fig. 23. 
[0208] Before the ejection pulse data FDn+1 are 
transferred in the print cycle Tm-1 , the serial-parallel 
converter 33 converts serial ejection pulse dataFDn into 2s 
parallel data FPDOn - FPD63n (associated with image 
data chOn - ch63n, respectively), and outputs the paral- 
lel data. At the same time, the converter 34 converts se- 
rial ejection pulse data FDn-1 into parallel data SPDOn- 
1 - SPD63n-1 (associated with image data ch0n-1 - 30 
ch63n-1 , respectively), and outputs the parallel data. 
[0209] In the print cycle Tm-1 , when the strobe pulse 
STBn-1 rises, the data latch 37 latches the image data 
chOn - ch63n output from the serial-parallel converter 
33. At the same time, the latch 38 latches the image data 35 
ch0n-1 -ch63n-1 output from the converter 34. 
[0210] In the print cycle Tm-1, the AND gates 61 of 
the data synthesizing and selecting circuits 1 39 receive 
the image data chOn - ch63n from the data latch 37 
through the inverter gates 62 and the image data chOn- 40 
1 - ch63n-1 from the latch 38. As a result, the stop pulse 
data SD0n-1 - SD63n-1 for the "n-1 "th printing are out- 
put from the nodes A of the electronic switches 63, and 
the ejection pulse data FD0ri-1 - FD63n-1 for the "n-1 "th 
printing are output from the nodes B. 45 
[0211] In the print cycle Tm-1, when the print clock 
pulse ICKsn-1 associated with the stop pulse data SDn- 
1 is transferred, the switching signal KS switches the 
electronic switches 63 of the data synthesizing and se- 
lecting circuits 1 39 to the nodes A. Otherwise, in the cy- 50 
cle Tm-1 , the switches 63 are switched to the nodes B. 
[0212] If the print clock ICK is high in logical level, the 
output from each AND gate 31 of the drive circuit 21 3b 
depends on the output from the associated data synthe- 
sizing and selecting circuit 139. If the clock ICK is low 55 
in logical level, the output from each AND' gate 31 is low 
in logical level regardless of the output from the associ- - 
ated circuit 1 39. 



[0213] As described in detail, and as is the case with 
the fourth embodiment, it is possible to switch securely 
between the execution and no execution of the vibration 
cancellation, depending on whether there is a print com- 
mand for the print cycle following a certain print cycle. 
[0214] In this embodiment, parallel data FPD0 - 
FPD63 output from the serial-parallel converter 33 are 
latched once by the data latch 37. Likewise, parallel data 
SPD0 - SPD63 output from the converter 34 are latched 
once by the latch 38. In accordance with the switching 
signal KS, which is synchronous with the print clock ICK, 
the data synthesizing and selecting circuits 139 selec- 
tively output ejection pulse data FD or stop pulse data 
SD to the respective AND gates 31 . 
[0215] This, in comparison with the fourth embodi- 
ment, shortens the time for transferring the strobe signal 
STB. Therefore, as shown in Fig. 23, it is possible to 
shorten the time interval between the point t5 when the 
print clock pulse ICKsn-1 for the stop pulse data SDn-1 
falls and the point tl when the print clock pulse ICKfn for 
the ejection pulse data FDn rises. It is also possible to 
shorten the time interval between the point t2 when the 
print clock pulse ICKfn falls and the point t3 when the 
print clock pulse ICKsn for the stop pulse data SDn rises. 
Therefore, this embodiment can shorten the period of 
the cycles Tm-1 and Tm more than the fourth embodi- 
ment can. This improves the print speed further. 
[0216] The invention is not limited to the foregoing 
embodiments, but modifications and/or variations may 
be made as follows with effects similar to those of the 
embodiments: 

(1 ) In each print cycle of each embodiment, only one 
print clock pulse ICKf is generated for the ejection 
pulse data FD. Otherwise, two or more print clock 
pulses ICKf might be generated for the data FD. The 
print clock pulses ICKf in each print cycle are equal 
in number to the ink droplets ejected out through 
each associated nozzle 618. Therefore, a larger 
number of print clock pulses ICKf for the ejection 
pulse data FD in each print cycle result in a larger 
number of ejected ink droplets. This increases the 
print density to form a thicker and clearer image. 

(2) In each embodiment, the width of the print clock- 
pulses ICKf for the ejection pulse data FD is equal 
to the one-way propagation delay time T. Other- 
wise, the pulse width might be about an odd number 
of times as large as the time T. The third embodi- 
ment has more degrees of freedom to vary the pulse 
width than the second. This makes it easier for the 
third embodiment to optimize the waveform of the 
print clock ICK for the structure of the print head 
600. 

(3) In each embodiment, the width W of the print . 
clock pulses ICKs for the stop pulse data FD is half 
(0.5) of the one-way propagation delay time T. Oth- 
erwise, this pulse width might be any such value 
that no ink is ejected from one or more of the chan- 
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nels 61 3, but the residual pressure wave vibration 
therein is cancelled securely. However, the opti- 
mum width W of the print clock pulses ICKs is de- 
termined on the basis of the one-way propagation 
delay time T. s 

(4) In each embodiment, the print clock pulse ICKfn 
falls at the point t2, and the print clock pulse ICKsn 
rises and falls at the points t3 and t4, respectively. 
The time "d" between the point t2 and the middle 
point tM between the points t3 and'.t4 is 2.5 times 10 
as long as the one-way propagation delay time T. 
The time °d° might, however, be any other value for 
secure cancellation of the residual pressure wave 
vibration, but the optimum time "d" is determined on • 
the basis of the one-way propagation delay time T. is 
The third embodiment has more degrees of free- 
dom to vary the time "d" than the second. This 
makes it easier for the third embodiment to optimize 

the waveform of the print clock ICK for the structure 
of the print head 600. 20 

(5) The serial data output from the shift register 42 
of each embodiment are input through the inverter 
gate 45 to the AND gate 44. Otherwise, the serial 
data output from the register 42 might be input di- 
rectly to the AND gate 44. Instead, the serial data 25 
output from the shift register 43 might be input 
through the inverter gate 45 to the AND gate 44. 

(6) The output circuits 32 of each embodiment gen- 
erate the same positive voltage to eject ink and can- 
cel vibration. Otherwise, the voltage generated for 30 
vibration cancellation by the circuits 32 might be 
lower than the voltage generated for ink ejection by 
them, or be negative. 

(7) In each embodiment, the upper parts 605 and 
lower parts 607 of the actuator walls of the print ss 
head 600 can deform piezoelectricaliy to change - 
the volume of the channels 613. Otherwise, one of 

the parts 605 and 607 of each actuator wall might 
be made of material which cannot deform piezoe- 
lectrically. In this case, the piezoelectric deforma- . *o 
tion of the piezoelectric wall part 605 or 607 deforms 
the other part to eject ink. 

(8) Thechannels613of each embodiment alternate 
with the spaces 615. Otherwise, no spaces 615 
might be formed, and the channels 613 might ad- 45 
join. 

(9) The shear mode actuator walls 603a - 603h of 
each embodiment may be replaced with walls of 
laminated piezoelectric material. In this case, the 
deformation of the walls in the direction of lamina- so 
tion generates pressure waves. The walls 603a - 
603h may not be limited to piezoelectric walls, but 
may be modified and/or improved for generation of 
pressure waves in the channels 61 3 on the basis of 

the knowledge of those skilled in the art. However, ss 
the piezoelectric actuator walls 603a - 603h of each 
embodiment simplify the construction of the print 
head 600, improve the durability thereof and reduce 



the production costs therefor. 

(10) Each embodiment is applied to a printer in 
which the print head 600 can reciprocate with the 
carriage 504, but might also be applied to another 
printer like a line printer with a print head fixed to its 
body. 

(11) In each embodiment, the residual pressure 
wave vibration in each channel 613 is cancelled to 
be damped completely. Otherwise, the vibration 
might be cancelled to be damped to such a degree 
that no ink may be ejected from the channel 613. 



Claims 

1. An ink jet apparatus for a printer, comprising: 

an ink jet head having a nozzle (618) and an 
ink channel (613) formed therein, the nozzle 
(618) and the channel (613) communicating 
with each other, the head (600) also having an 
actuator for changing the volume of the channel 
(613) to eject ink from the channel through the 
nozzle (618); 

a drive unit (211, 212, 213) for driving the actu- 
ator; 

a control unit (221, 222, 223) for generating a 
print data for every print cycle and controlling 
the drive unit with the data; and 
a stop pulse data generator (44, 61 ) for carrying 
out a logical operation of the print data for each 
print cycle Tm and the print data for the next 
print cycle Tm+1 to generate a stop pulse data 
if the data for the cycle Tm is a data for execu- 
tion of printing and if the data for the cycle Tm+1 
is a data for no execution of printing; ■ 
the drive unit (211, 212, 213) driving the actua- 
tor based on the stop pulse data so as to damp 
pressure wave vibration generated in the chan- 
nel (613) after the execution of printing in ac- 
cordance with the print data for the print cycle 
Tm. 

2. An ink jet apparatus as defined in claim 1 , wherein 
the logical operation is the logical multiply of the 
print bit data in the print cycle Tm and the inverse 
of the print bit data in the next cycle Tm+1 . 

3. An ink jet apparatus as defined in claim 1 or 2, 
wherein the stop pulse data generator (44,61) is po- 
sitioned in the control unit(221, 222, 223). 

4. An ink jet apparatus as defined in claim 1 , and fur- 
ther comprising a first storer (43) for storing the print 
data for every print cycle and a second storer (42) 
for storing the print data for every print cycle, the 
second storer storing the data for the print cycle 
Tm+1 when the first storer stores the data for the 
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cycle Tm, the stop pulse data generator (44) gen- 
erating the stop pulse data by carrying out the log- 
ical operation ot the data stored in the first and sec- 
ond storers (43,42). 

£ 

5. An ink jet apparatus as defined in claim 4, and fur- 
ther comprising a data selector (46) connected to 
the drive unit (21 1 ) for selecting the stop pulse data 
output from the stop pulse data generator (44) or 
the print data output from the second storer (42), 10 
the selector (46) selecting and outputting to the 
drive unit (211) the print data in the second storer 
(42) after selecting and outputting to the drive unit 
(211) the stop pulse data during the print cycle Tm. 

15 

6. An ink jet apparatus as defined in claim 5, wherein 
the nozzle (618) consists of sub-nozzles (618), the 
ink channel (613) consisting of sub-channels (613), 
the actuator consisting of sub-actuators, the sub- 
nozzles (618) each communicating with one of the 20 
sub-channels (613), the sub-actuators each being 
able to change the volume of one of the sub-chan- 
nels (613), the apparatus further comprising: 

a memory (25) for storing a plurality of print data 25 
each associated with one of the sub-actuators; 
the second storer (42) carrying out a serial-par- 
allel conversion of print data by storing a plu- 
rality of print data transferred in parallel from 
the memory (25), and by outputting the stored 30 
data in series, the second storer (42) feeding 
back the serially output data thereto; 
the first storer (43) serially receiving the data 
output serially from the second storer (42), the 
first storer serially outputting the received data 35 
in synchronism with the serial output from the 
second storer if the data selector selects the 
stop pulse data; 

the stop pulse data generator (44) generating 
the stop pulse data by carrying out the logical 40 
operation of the data output in series from the 
first and second storers. 

7. An ink jet apparatus as defined in claim 6, wherein 

the control unit (221 ) generates a print clock con- 45 
sisting of first pulses (ICKfn) associated with ejecr 
tion of ink from the ink channels (613) and second 
pulses (ICKsn) associated with cancellation of pres- 
sure wave vibration generated in the channels 
(613), the drive unit (211) further including: 50 

a serial-parallel converter (1 31 ) for carrying out 
a serial-parallel conversion of print data or stop 
pulse data by storing the print data or the stop 
pulse data output in series from the data selec- 55 
tor of the control unit, and by outputting the 
stored data in parallel; and 
a drive data generator (31 ) for generating a plu- 



rality of drive data each associated with one of 
the print data or the stop pulse data, by carrying 
out a logical operation of each print data or 
each stop pulse data output in parallel from the 
serial-parallel converter (131) and the print 
clock generated from the control unit. 

8. An ink jet apparatus as defined in claim 5, wherein 
the data selector (46) consists of a plurality of se- 
lectors associated -with the sub-actuators, respec- 
tively. 

9. An ink jet apparatus as defined in claim 4, wherein 
the nozzle consists of sub-nozzles (618), the ink 
channel consisting of sub-channels (613), the actu- 
ator consisting of sub-actuators, the sub-nozzles 
each communicating with one of the sub-channels 
(61 3), the sub-actuators each being able to change 
the volume of one of the sub-channels (613), the 

. apparatus further comprising: 

a memory (25) for storing a plurality of print data 
each associated with one of the sub-actuators; 
the second storer (42) storing a plurality of data 
transferred in parallel from the memory (25), 
carrying out a serial-parallel conversion of the 
stored data and outputting the serial data; 
the first storer (43) receiving the data from the 
second storer while outputting the data for the 
print cycle preceding the cycle associated with 
the received data; 

the stop pulse data generator. (44) generating 
the stop pulse data by carrying out the logical 
operation of the data output in series from the 
first and second storers (43,42). 

10. An ink jet apparatus as defined in claim 9, wherein 
the control unit generates a print clock including in 
each print cycle a first pulse associated with ejec- 
tion of ink from the sub-channels (613) and a sec- 
ond pulse associated with cancellation of pressure 
wave vibration generated in the sub-channels 
(613), the control unit also generating a switching 
signal in synchronism with the clock, the drive unit 
further including: 

a first serial-parallel converter (33) for storing 
the print data output in series from the second 
storer (42) of the control unit, carrying out a se- 

. - rial-parallel conversion of the stored print data 
and outputting the parallel print data; 
a second serial-parallel converter (34) for stor- 
ing the stop pulse data output in series from the 
stop pulse data generator (44) of the control 
unit, carrying out a serial-parallel conversion of 
the stored stop pulse data and outputting the 

: parallel stop pulse data; 
a data selector (35) for selecting, in accordance 
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With the switching signal generated by the con- 
trol unit, the print data output from the first con- 
verter (33) or the stop pulse data output from 
the second converter (34), the selector select- 
ing print data and thereafter stop pulse data 
during each print cycle; and 
a drive data generator (31 )for generating a plu- 
rality of drive data each associated with one of 
the print data, by carrying out a logical opera- 
tion of each print data or each stop pulse data 
selected by the selector and the print clock gen- 
erated by the control unit. 

11. An ink jet apparatus as defined in claim 10, wherein 
the drive unit further includes a third storer (36) for 
storing, in synchronism with the print clock gener- 
ated by the control unit, the print data or the stop 
pulse data selected by the data selector, the drive 
data generator generating the drive data by carrying 
out the logical operation of each print data or each 
stop pulse data stored in the third storer (36) and 
the print clock. 

12. An ink jet apparatus as defined in claim 10, wherein 
the drive unit further includes: 

a fourth storer (37) for storing in synchronism 
with the print clock the print data output in par- 
allel from the first serial-parallel converter(33); 
and 

a fifth storer (38) for storing in synchronism with 
the print clock the stop pulse data output in par- 
allel from the second serial-parallel converter 
(34); 

the data selector selecting the print data in the 
fourth storer(37) and thereafter the stop pulse 
data in the fifth storer (38) during each print cy- 
cle in accordance with the switching signal gen- 
erated by the control unit (222b). 

13. An ink jet apparatus as defined in claims 7 or 12, 
and further comprising a drive signal generator (32) 
for generating drive signals for driving the sub-ac- 
tuators on the basis of the drive data generated from 
the drive data generator. 

14. An ink jet apparatus as defined in claim 1, wherein 
the nozzle consists of sub-nozzles (618), the ink 
channel consisting of sub-channels (61 3), the actu- 
ator consisting of sub-actuators, the sub-nozzles t 
(618) each communicating with one of the sub- 
channels (613), the sub-actuators each being able 

to change the volume of one of the sub-channels 
(613); 

the control unit generating a print clock includ- 
ing in each cycle a first pulse (ICKf n) associated 
with ejection of ink from the sub-channels (613) 



and a second pulse (ICKsn) associated with 
cancellation of pressure wave vibration gener- 
ated in the sub-channels (613), the control unit 
also generating a switching signal (KS) in syn- 
chronism with the clock, the control unit serially 
outputting a plurality of print data each associ- 
ated with one of the sub-actuators; 
the drive unit (213) including: 

a first serial-parallel converter (33) for stor- 
ing the print data output in series from the 
control unit, outputting the stored data in 
series, carrying out a serial-parallel con- 
version of the stored data and outputting 
the parallel data; and 
a second serial-parallel converter (34) for 
receiving the print data output in series 
from the first converter (33), carrying out a 
serial-parallel conversion of the received 
data and outputting the parallel data; 
the stop pulse data generator (61) gener- 
ating the stop pulse data by carrying out the 
logical operation of the print data output in 
parallel from the first and second convert- 
ers (33,34); 

the drive unit (213) further including: 

a data selector (63) for selecting, in accordance 
with the switching signal generated by the con- 
trol unit, the print data output in parallel from 
the first converter or the stop pulse data output 
in parallel from the stop pulse data generator; 
and 

a drive data generator (31 ) for generating a plu- 
rality of drive data.each associated with one of 
the print data, by carrying out a logical opera- 
tion of each print data or each stop pulse data 
selected by the selector (63) and the print clock 
generated by the control unit. 

15. An ink jet apparatus as defined in claim 14, wherein 
the drive unit further includes a first storer (36) for 
storing, in synchronism with the print clock gener- 
ated by the control unit, the print data or the stop 
pulse data selected by the data selector, the drive 
data generator generating the drive data by output- 
ting the logical product of each print data or each 
stop pulse data stored in the storer and the print 
clock. 

1 6. An ink jet apparatus as defined in claim 1 4, wherein 
the drive unit further includes: 

a second. storer (37) for storing in synchronism 
with the print clock the print data output in par- 
allel from the first serial-parallel converter (33); 
and 
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a third storer (38) for storing in synchronism 
with the print clock the print data output in par- 
allel from the second serial-parallel converter 
(34), the third storer being connected to the 
stop puise data generator (61); 
the data selector (63) selecting the print data in 
the second storer and thereafter the stop pulse 
data generated by the stop pulse generator dur- 
ing each print cycle in accordance with the 
switching signal generated by the control unit 

17. An ink jet apparatus as defined in claim 1 4, and fur- 
ther comprising a drive signal generator (32) for 
generating drive signals which are suitable for the 
sub-actuators on the basis of the drive data gener- 
ated from the drive data generator. 

1 8. An ink jet apparatus as defined in any one of claims 
1 , 5, 9 or 14 wherein: 

the drive unit drives the actuator in each print 
cycle to first execute ejection of ink from the 
channel by once increasing and thereafter de- 
creasing, or once decreasing and thereafter in- 
creasing, the volume of the channel (613), and 25 
subsequently execute cancellation for damping 
the pressure wave vibration by again increas- 
ing and thereafter decreasing, or again de- 
creasing and thereafter increasing, the channel 
volume; - • 30 

the control unit determining, in each print cycle, 
a first period when the drive unit executes the 
ejection, a second period when the drive unit 
executes the cancellation, and a third period af- 
ter the ejection ends and until the cancellation 35 
starts, on the basis of the time which it takes for 
a pressure wave of ink to be propagated one 
way in the channel (613). 

19. An ink jet apparatus as defined in claim 18, wherein *o 
the drive unit (211, 212, 213)applies drive signals 

of the same voltage to the actuator for the ejection 
and the cancellation. 

20. An ink jet apparatus as defined in any one of claims « 
1 , 5, 9 or 1 4, wherein the side walls of the ink chan- 
nel (61 3) are made piezoelectric material, the actu- 
ator consisting of the walls. 

21. An ink jet apparatus as defined in claim 14, wherein so 
the data selector consists of a plurality of selectors 
(63) associated with the sub-actuators, respective- 
ly, and the stop pulse data generator consists of a 
plurality of data generators (61 ) associated with the 
sub-actuators, respectively. 

22. An ink jet recorder including an ink jet apparatus as 
defined in claim 1 . 
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(54) Ink jet apparatus and ink jet recorder 



(57) The ink jet apparatus of an ink jet printer in- 
cludes an ink jet head (600). The head has an ink chan- 
nel (613), a nozzle (618), and an actuator for ejecting 
ink from the channel through the nozzle. A drive unit 
(211,212,213) can drive the actuator. A control unit 
(221 ,222,223) generates print data, on which the control 
unit is based to control the drive unit. A stop pulse data 
generator (44,61) carries out a logical operation of the 



print data for each print cycle Tm and the print data for 
the next print cycle Tm+Tto generate a predetermined 
stop pulse data if the former data is a data for execution 
of printing and if the latter data is a data for no execution 
of printing. After printing is executed in accordance with 
the print data for the cycle Tm, the drive unit is based 
on the stop pulse data to drive the actuator so as to 
damp the pressure wave vibration generated in the 
channel. 
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